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(57) Abstract 

This invention is directed to soibitol dehydrogenase inhibitoiy compounds of formula (I), wherein R». R2 and R3 are as defined 
in the specification. This invention is also directed to phannaceutical compositions containing those compounds and mediods of 
treating or preventing diabetic complications, particularly diabetic neuropathy, diabetic nephropathy, diabetic microangiopathy, diabetic 
macroangiopathy and diabetic cardiomyopathy by administering such compounds to a mammal suffering from diat>etes and therefor at risk 
for developing such complications. This invention is also directed to pharmaceutical compositions comprising a combination of a compound 
of formula (I) of Ais invention with an aldose reductase inhibitor and to methods of treating or preventing diabetic complications therewith. 
This invention is also directed to phamiaceutical compositions comprising a combination of a compound of formula (I) of this invention 
with an NH&-1 inhibitor and to methods of treating cardiomyopathy and other heart-related problems therewldi. This invention is also 
directed to certain intennediates used in the synthesis of the compounds of formula (I) and to processes for preparing those intermediates. 
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AMINOPYRIMIBINES AS SORBITOL DEHYDROGENASE INHIBFTORS 

The present Invention relates to novel pyrimidine derivatives and to the use of 
5 such derivatives and related compounds to inhibit sorbitol dehydrogenase (SDH), 
lower fajctose levels, or treat or prevent diabetic coniplications such as diabetic 
neuropathy, diabetic retinopathy, diabetic nephropathy, diabetic cardiomyopathy, 
diabetic microangiopathy and diabetic macroangiopathy in mammals. This invention 
also relates to phamnaceutical compositions containing such pyrimidine derivatives 

1 0 and related compounds. This invention also relates to phamiaoeutical compositions 
comprising a combination of a soribltol dehydrogenase inhibitor of fomiula I and an 
aldose reductase inhibitor and to the use of such compositions to treat or prevent 
diabetic complications in mammals. This invention also relates to pharmaceutical 
compositions comprising a combination of a sorbitol dehydrogenase inhibitor of 

1 5 formula I and an NHE-1 inhibitor and to tiie use of such compositions to reduce tissue 
damage resulting from ischen^a, and particulariy to prevent perioperative myocardial 
Ischemic Injury. 

S. Ao et al.» Metabolism . 40, 77-87 (1991 ) have shovm that significant 
functional improvement in tine nerves of diabetic rats (based on nerve conduction 

20 velocity) occurs when nerve fructose levels are pharmacologically lowered, and that 
such improvement conrelates more closely vjiih ttie lowering of nerve fructose tiian tiie 
lowering of nen/e sorbitol. Similar results were reported by N. E. Cameron and M. A. 
Cotter, Diabetic Medicine , Suppl. 1 , 35A-36A (1 991 ). In both of these cases, 
lowering of nerve fructose was achieved using relatively high does of aldose 

25 reductase inhibitors, which inhibit the formation of sortsitol, a precursor of fructose, 
from glucose via tiie enzyme aldose reductase. 

U.S. Patent Nos. 5,138.058 and 5,215,990, which are hereby incorporated by 
reference, each disclose compounds of tiie fomiula 
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where R\ R'. R'. R' and R» are as disclosed therein. Said compounds are disclosed 
as having utility as tools in screening for aldose reductase inhibitors due to the sorbitol 
accumulating activity of said compounds. 

Commonly assigned U.S. Patent Nos. 5.728.704 and 5,866.578. which are 
hereby incorporated by reference, each disclose compounds of the fonnula A. 




N 

I 

A 

wherein R' through R» are defined as disclosed therein. Further, U.S. 5.728.704 
disctoses that sorbitol dehydrogenase compounds have utility in the treatment of 
10 diabetic complications. 

Pyrimidine derivatives of the fomiula I. as defined below, and their 
phamiaceutically acceptable salts, lower fmctose levels in the tissues of mammals 
affected by diabetes (e.g.. nerve, kidney and retina tissue) and are useful in the 
treatment and prevention of ttie diabetic complications referred to above. These 
15 compounds, or their metabolites in vivo, are inhibitors of the enzyme sorbitol 
dehydrogenase, which catalyzes the owdafion of sorbitol to fmctose. 

SUMMARY OF THE INVENTION 
The present invention is directed to a compound of the formula I 

N 



20 




t 

I 

a prodrug thereof or a pharmaceufically acceptable salt of said compound or said 
prodrug, wtierein: 

R' is formyl, acetyl. pnDpionyl. carbamoyl or -C(OH)R*R*; 
R< and R» are each independently hydrogen, methyl, ethyl or hydroxy-(C,-C,)alkyl; 
25 R* is hydrogen, (C-C^alkyl or (CrC4)alkoxy; 
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is a radical of the formula 
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Wherein said radical of formula R** is additionally substituted on the ring by R^ R' and 
R*; 

said radical of fonnula R»» is additionally substituted on the ring by R'\ R'' and R"; ^ 
5 G. and G* are taken separately and are each hydrogen and R* is hydrogen. (C,- ' 

ci)alkyl. (C,-C.)alkoxycarbonyl. (C,-C,)alkoxy-(CrC4)alkyi. hydro>cy-(CrC,-)alkyi or 
. phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 

(CrC.)alkyl. (CrC,)alkoxy-(C,-C.)alkyl; (CrC.)alkyl or (C-CJalkoxy. wherein said 

(CrC4)alkyl in the definition of R* and said (C,-C4)alkoxy in the definition of R*are 
1 0 optionally and independently substituted with up to five fluoro; R^ and R« are each 

independently hydrogen or (CrC4)alkyl; or 

G and G' are taken together and are (CrC,)alkylene and R\ R\ R» and G* are 
hydrogen; or 

G^ and G^ are taken together and are (C,-Cs)alkylene and R«. R'. R' and G are 
15 hydrogen; 
qisOorl; 

X is a covalent bond. -(C=NR"*)-. oxycarbonyl. vinylenylcarbonyl. oxy(C,- 
. C4)alkylenylcarbonyl. (CrC4)alkylenylcarbonyl. (C,-C4)alkenylcart)onyl. thio(Cr 
C4)alkylenylcarbonyl. vinylenylsulfonyl, sulfinyl-(C,-C4)alkylenylcarbonyl, sulfonyKC- 

20 C4)alkylenylcarbonyl or carbonyl(C,-C4)alkylenylcarbonyl; wherein said oxy(G,- 
C4)alkylenylcarbonyl. (C,-C4)alkylenylcarbonyl, (C-Ci)alkenylcarbonyl and thio(Cr 
C4)alkylenylcarbonyi in the definition of X are each optionally and independently 
substituted with up to two (C,-C4)alkyl. benzyl or An said vinylenylsulfonyl and said 
vinylenylcartwnyl in the definition of X are optionally substituted independently on one 

25 or two vinylenyl carbons with (C,-C4)alkyl. benzyl or Ar, and said carbonyl(Co- 

C4)alkylenylcarbonyl in the definition of X is optionally substituted Indepedently wrtth up 
to three (Ci-C4)allvl, benzyl or An 
R" is hydrogen or (CrC4)alkyl; 

R' is (C-C7)cydoalkyl. Ar'-(Co-Ca)alkylenyi or (C,-Ce)atkyl optionally substituted with 
30 up to five fluoro; provided that wrtien q = 0 and X Is a covalent bond, oxycarbonyl or 
(C,-C4)alkylenylcarbonyl, then R* is not (C,-C8)alkyl; 

At and Ar^ are independently a fully saturated, partially saturated or fully unsaturated 
five- to eight-membered ring optionally having up to four heteroatonris selected 
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independently from oxygen, sulfur and nitrogen, or a bicyclic ring consisting of two 
fused independently partially saturated, fully saturated or fully unsaturated five- to 
seven-membered rings, taken Independently, optionally having up to four heteroatoms 
selected independently from nitrogen, sulfur and oxygen, or a tricyclic ring cons.st.ng 
5 of three fused independently partially saturated, fully saturated or fully unsaturated five 
to seven membered rings, taken independently, optionally having up to four 
■ heteroatoms selected independenUy from nitrogen, su^r and oxygen, said partially 
saturated, fully saturated ring or fully unsaturated monocyclic ring, bicyclic ring or 
tricyclic ring optionally having one or two oxo groups substituted on carbon or one or 
1 0 two 0X0 groups substituted on sulfur, 

Ar and Ar' are optionally independently substituted on carbon or nitrogen, on one ring 
if the moiety is monocyciic. on one or both rings if the moiety is bicyclic or on one. two 
or three rings If the moiety is tricyclic, with up to a total of four substituents 
independently selected from R". R« R" and R«; wherein R". R« R» and R" are 
1 5 each taken separately and are each independently halo, formyl. (C,- 

Oalkoxycartjonyl. (C,-C,)alkylenytoxycart)onyl. (C,-C,)alkoxy-(CrC4)alkyl. 
C(OH)R'*R". naphthyl. phenyl, imidazolyl, pyridyl. triazolyi. morpholinyl, (Co- 
C,)alkyisulfamoyl. N-(Co-C4)aIkylcarbamoyl. N.N-dKC,-C,)alkylcartjamoyl. N- 
phenylcartsamoyl. N-(CrC4)alky|.N-phenylcartDamoyl. N.N-diphenyl cart>amoyl. (C,- 
20 C«)alkylcart3onylamido. (C,-C7)cycloalkylcart5onylamido. phenylcarbonylamido. 

piperidinyl. pyrrolidinyl. piperazinyl. cyano. benzimidazolyl. amino, anlllno. pyrimidyl. 
oxazolyl. isoxazolyl. tetrazolyl, thienyl. thiazolyl, benzothlazolyli pyrrotyl. pyrazolyl.- 
tetrahydroquinolyl. tetrahydroisoquinolyl. benzoxazdyl. pyridazlnyl. pyridyloxy. 
pyridyisulfanyl. fuianyl. 8-(C,-C,)alkyl-3.8-dia2a[3.2.1]blcyclooctyl. 3.5k1Ioxo-1.2.4- 
25 triazinyl. phenoxy. thlophenoxy. (C,-C4)alkylsuHanyl. (C,.C4)alkyteulfonyl. (C,- 

Ocydoalkyl. {C,-C4)alkyl optionally substituted writh up to five fluoro or (C,-C4)aIkoxy 
opt!onaIiy.5Ubstituted with up to five fluoro; said naphthyl. phenyl, pyridyl. piperidinyl. 
benzimidazolyl. pyrimidyl. thienyl. benzothiazolyl. pyrrolyl. tetrahydroquinolyl. 
tetrahydroisoquinolyl. benzoxazolyl. pyridazinyl. pyridyloxy. pyridyisulfanyl, furanyl. 
30 thlophenoxy, anllino and phenoxy in the definition of R". R«. R" and R'* are 
optionally substituted with up to three substituents independently selected from 
hydroxy, halo. hydroxy-(CrC4)alkyl. {C,-C4)alkoxy-{C,-C4)alkyl. (C-C^W optionally 
substituted with up to five fluoro and (C,.C4)alkoxy optionally substituted with up to five 
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fluoro; said imidazolyl. oxazolyl. isoxazolyl. thiazolyl and pyrazolyl in the definition of 
R" R". R" and R" are optionally substituted with up to two substituents 
independently selected from hydroxy, halo. hydroxy^C,-C4)alkyl. (CrC4)alkoxy-{C,- 
C4)alkyl, (C,-C4)all<yl optionally substituted with up to five fluoro and (C,-C4)alkoxy 
5 optionally substituted with up to five fluoro; said morphdinyl in the definition of R" , 
R", R" and R" is optionally substituted with up to two substituents independently 
selected from (C,-C4)alkyl; said pyrrolidinyl in the definition of R'\ R«. R" and R'Ms 
optionally substituted with up to two substituents independently selected from hydroxy. 
hydroxy-(CrC,)alkyl. (C,-C4)alkoxy-{C,-C4)aikyl. (C,^4)alkyl optionally substituted 
. 10 with up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five fluoro; said 
piperazinyl in the definition of R". R". R" and R" is optionally substituted with up to 
three substituents independently selected from (C,-C4)alkoxy-(C,-C4)alkyl, hydroxy- 
(CrC3)alkyl. phenyl, pyridyl. (Co-C4)alkylsulfamoyl. (C,-C4)alkyl optionally substituted 
with up to five fluoro and (C,-C4)alkoxy optionally substituted witti up to five fluoro; said 
1 5 triazolyl in the definition of R'\ R«. R" and R" Is optionally substituted witti hydroxy, 
halo. hydroxy-{C,-C4)alkyl. (C,-C4)alkoxy-(CrC4)alkyl. (C,-C4)alkyl optionally 
substihJted witti up to five fluoro and (CrC4)alkoxy optionally substituted witii up to five 
fluoro; said tetrazolyl in tiie definition of R". R«. R'* and R" is optionally substituted 
with hydroxy-(Cj-C3)alkyl or (C,-C4)alkyl optionally substituted witii up to five fluoro: 
20 and said phenyl and pyridyl which are optionally substituted on piperaane in tiie 
definition of R". R". R" and R" are optionally substituted with up to tiiree hydroxy, 
halo, hydroxy-(CrC4)alkyl. (CrC4)alkoxy-{C,-C4)alkyl. (C,-C4)alkyl optionally 
substituted wiUi up to five fluoro and (C,-C4)alkoxy optionally substituted witti up to five 
fluoro; or 

25 R" and R" are taken togettier on adjacent carbon atoms and are 

-CHjOC(CH3)20CHj- or -CHCHj),-©-. and R" and R" are taken separately and are 

^each independenUy hydrogen or (C,-C4)a!kyl; 

pis 1.2 or 3; 

R" and R" are taken separately and are each independenOy hydrogen. (C,-C4)alkyl 
30 optionally substitiJted wntii up to five fiuoro; or R" and R'* are taken separately and R'* 
is hydrogen and R" is (C3-Ce)cycloalkyI. hydroxy-(C,-Cj)alkyl. phenyl, pyridyl. 
pyrimidyl. fhienyl. furanyl. ttniazolyl. oxazolyl. imidazolyl. benzottilazolylor 
benzoxazolyl; or R« and R'« are taken togettier and are (C-Ce)alkylene; 
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G> and G» are taken separately and are each hydrogen: r is 0; R" is hydrogen. 
(C,.C,)aikyI. (C,-C,)aikoxycarbonyi. (C,-C.)a!koxy.(C,^.)alkyI. hydroxy-(C,-C.)aIkyl or 
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(C,-C.)alkyl. (C,-C.)alkoxy-(C,-C.)alkyl. (C,-C.)alkyl or (C.-C.)alkoxy. wherein said 
5 (C-CJalkyl in the definition of R« and said (C,-C,)alkoxy in the definition of R« are 
optionally and independently substituted with up to five fluoro; and R« and R» are 
each independently (C,-C4)alkyl; or 

G'. G* and G= are taken separately and are each hydrogen: r is 1: R" is hydrogen. 

(c",-C,)alkyl. (C-COalkoxycarbonyl. (C,-C,)alkoxy-(C,-C.)aIkyl. hydroxy-(CrC,)alkyi or 
1 0 phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 

(CrC.)alkyl. (C,-C.)alkoxy-(C,-C,)ailcy!. (C,-C,)alkyl or (C,-C.)alkoxy. wherein said 

(C,-C.)alkyi in the definition of R« and said (C,-C.)alkoxy in the definition of R'are 

optionally and independently substituted with up to five fluoro: and R" and R» are 

each independently hydrogen or {C,-C4)alkyl; or 
15 G> and G* are taken together and are (C,-C,)alkylene; r is 0 orl; and R«. R". R» and 

G* are hydrogen; or 

G' and G' are taken together and are (C,-C,)alkylene; r is 0 or 1: and R". R". R» and 
G* are hydrogen; 

R" is SOjNR^'R^. GONR^'R=. (C,-Ce)alkoxycarbonyl. (C,-C8)alkylcarbonyl, Ar»- 
20 carbonyi. (CrC,)alkylsulfonyl. (CrCe)alkylsulfinyl. Ar'-sulfonyl. Ar'-sufinyi and (C,- 
G«)alkyl; . 

and R** are taken separately and are each independently selected from hydrogen. 
(C,-C,)aikyl. (Cs-C,)cydoalkyl and Ar*-(CB-C«)alkylenyl: or 
R« and R= are taken together with the nitrogen atom to which they are attached to 

25 form azetidinyl. pyrrolidinyl. ptperidlnyl, piperazinyl. morphollnyl. azepinyl. 
azabicydota^^lnonanyl. a2abicydot2.Z1]heptyt. 6.7-dihydro-5H- 
dibenzo[c,e]azepinyl. 1.2.3,4-tetrahydro-isoquinolyl or 5.6.7.8-tetrahydropyrido[4.3- 
dlpyrimidyl; said azetidinyl in the definition of R*^ and R« is optionally substituted 
independently with one substituent selected from hydroxy, amino. hydroxy-{C,- 

30 C,)alkyl. {C,-C4)alkoxy-{C,-C4)alkyl. (G,-C4)alkyl optionally substituted with up to five 
fluoro and {CrC4)alkoxy optionally substituted with up to five fluoro: said pyrroOdmyl. 
piperidlnyl; azepinyl m the definition of R*' and R" are optionally substituted 
independently with up to two substltuents Independently selected from hydroxy. 
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amino. hydroxy-(CrC.)alkyl. (C-OalkoxyKCrOallcyl. (C,-C,)alkyl optionally 
substituted with up to five fluoro ami {C,-C.)alkoxy optionally substituted with up to five 
fluoro; said morpholinyl in the definition of R" and R= is optionally substituted with up 
to two substituenls independently selected from hydroxy-{CrC4)alkyl. (C,-C4)alkoxy- 
5 (CrC4)aIkyl. (C,-C4)alkyl optionally substituted with up to five fluoro and (C,-C«)alkoxy 
optionally substituted with up to five fluoro; said piperazinyl in the definition of R*' and 
R=^ is optionally substituted independentiy with up to three substituents independently 
selected from phenyl, pyridyi. pyrimidyl. (C,-C4)alkoxycarbonyl and (C,-C4)alkyl 
optionally substituted with up to five fluoro; said 1 ^.3.4-tetrahydro-!soqulnolyl and said 
1 0 5,6.7.8-tetrahydropyrido[4.3-d]pyrimidyi in the definition of R" and R» are optionally 
substituted independently with up to three substituents independently selected from 
hydroxy, amino, halo, hydroxy-(CrC4)alkyl. {CrC4)alkoxy-(C,-C4)alkyl. {C,-C4)alkyl 
optionally substituted with up to five fluoro and (CrC4)alkoxy optionally substituted 
wHh up to five fluoro: and said 6,7KJlhydro-5H-dlben2o[c.e]azepinyI in the' definition of 
1 5 R" and R* is optionally substituted witii up to four substituents independentiy 

selected from hydroxy, amino, halo. hydroxy-(CrC4)alkyI. (CrC4)alkoxy-(CrC4)alkyl. 
(C,-C4)alkyl optionally substituted with up to five fluoro and (CrC4)aikoxy optionally 
substituted with up to five fluoro; said pyrimidyl. pyridyi and phenyl which are 
optionally substituted on said piperazine in the definition of R" and R** is optionally 
20 substituted with up to three substituents selected from hydroxy, antino, hydroxy-(C,- 
C4)alkyl. (C,-C4)alkoxy-(CrC4)alkyl. (CrC4)alkyl optionally substituted with up to five 
fluoro and {C,-C4)alkoxy optionally substituted with up to five fluoro; 
Ar^ is independentiy defined as set forth for Ar and Ar' above; 
said Ar* is optionally Independentiy substituted as set forth for Ar and Ar^ above; 
25 Rs Is CONR^'R" or SOjR^R*. wherein R* is hydrogen (C,-C4)alkyl or Ar*-{Co- 

C4)alkylenyl and R* is Ar'-(Co-C4)alkyienyl; provided that when Ar" is phenyl, naphthyl 
or biphenyl. then R» cannot be CONR^R" where R» is hydrogen or Ar» and R" is 

R« is hydrogen. (CrC4)alkyl, {C,-C4)alkoxycarbonyl, {CrC4)alkoxy-{C,-C4)alkyl. 
30 hydroxy-(C,-C4)alkyl or phenyl optionally independently substituted witii up to three 
hydroxy, halo. hydroxy.(C,-C4)alkyl. (C,-C4)alkoxy.(C,-C4)alkyl. (C,-C4)alkyl or (C,- 
C4)alkoxy, Wherein said (C,-C4)ancyl in tiie definition of R* and said (CrC4)alkoxy in 
the definition of R^are optionally and independently substituted with up to five fluoro; 
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Ar* is independently defined as set forth for Ar and Ar' above; 

said At* is optionally independently substituted as set forth for Ar and Ar' above; 

is hydrogen or (C,-C«)all<yl; 
R» and R" are each independently hydrogen, hydroxy, halo. hydroxy-(C,-C«)alkyl. 

5 (C,-C4)alkoxy-{C,.C«)alkyl. (C,-C4)alkyl optionally substituted with up to five fluoro. (C,- 
C4)alkoxy optionally substituted with up to five fluoro. phenyl, pyridyl. pyrimidyl. thienyl. 
furanyl. thiazolyl. oxazolyl, phenoxy. thiophenoxy. SOjNR»R'\ CONR^R" or NR»»R"-. 
said thienyl. pyrimidyl. furanyl, thiazolyl and oxazolyl in the definition of R" and R» are 
optionally substituted by up to two hydroxy, halo. hydroxy-^C-CJalkyl. (C,-C4)alkoxy- 

1 0 (C,-C4)alkyl. (C,-C4)alkyl optionally substituted with up to five fluoro or (C,-C4)aHa)xy 
optionally substituted wnth up to five fluoro; said phenyl, pyridyl, phenoxy and 
thiophenoxy in the definition of R» and R" are optionally substituted by up to three 
hydroxy, halo. hydroxy-(CrC4)alkyl. (C,-C4)aIkoxyKC,.C4)alkyl. (C,<)4)alkyl optionally 
substituted with up to five fluoro or (CrC4)alkoxy optionally substituted v«th up to five 

15 fluoro: 

R* and R" are each independently hydrogen. (C,-C4)alkyl. (C,-C7)cycloalkyl or 
phenyl, said phenyl is optionally substituted with up to three hydroxy, halo, hydroxy- 
(C,-C4)alkyl. (C,-C4)alkoxy-(CrC4)alkyl. (CrC4)alkyl optionally substituted with up to 
five fluoro or (C,-C4)alkoxy optionally substituted with up to five fluoro; or 

20 R* and R*' are taken together with the nitrogen to which they are attached to form 
indolinyl, pyn-olidinyl. piperidinyl. piperazinyl or morpholinyl; said pyrrolidinyl and 
piperidinyl in the definition of R* and R" are optionally substituted with up to two 
hydroxy, amino. hydroxy-(C,-€4)alkyi. (C,-C«)alkoxy-(C,-C4)alkyl, (C,-C«)alkyl 
optionally substituted with up to five fluoro or (C,.C4)alko)Qr optionally substituted wift 

25 up to five fluoro; ssdd indolinyl and piperadnyl hi tiie definition of R* and R" are 
optionally substituted wKh up to three hydroxy, amino, hydroxy-(C,-C4)alkyl, (C,- 
C4)alkoxy-(C,-C4)alkyl. (CrC4)alkoxycart}onyl, (CrC4)alkyl optionally substituted with 
up to five fluoro or (C,-C4)aIkoxy optionally substituted with up to five fluoro; said 
morpholinyl in the definition of R* and R" is optionally substituted with up to two 

30 substituents independenUy selected fi-om hydroxy-(CrC4)alkyl, (C,<:4)alkoxyKC,- 
C4)alkyl. (CrC4)alkyl optionally substituted with up to five fluoro and (C,-C4)alkoxy 
optionally Substituted witii up to five fluoro; 

A Is N optionally substituted virith hydrogen or (C,-C4)allQrl and B is carbonyl; or 
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A is carbonyl and B is N optionally substituted with hydrogen or (CrC4)alkyl; 
R« is hydrogen or (CrC4)allcyl; 

R» is phenyl, pyridyl. pyrimidyl. thiazoiyl. oxazolyl. benzyl, quinolyl. isoquinolyl. 
phthafizinyt. quinoxanlyl. benzothiazoyi. benzoxazoiyl. benzofuranyl or benzothienyl; 
5 said phenyl, pyridyl. pyrimidyl. thiazoiyl. oxazolyl. benzyl, quinolyl. isoquinolyl. 

phtharizinyl. quinoxanlyl. benzothiazoyi. benzoxazoiyl. benzofuranyl and benzothienyl 
in the definition of R** are optionaily substituted with up to three phenyl, phenoxy. 
NR»*R**. halo, hydroxy, hydroxy-{C,-C4)alkyl. {CrC,)alkoxy-(CrC«)alkyI, (CrC.)alkyi 
optionally substituted with up to five fluoro or (C,-C4)alkoxy optionally substituted with 

10 up to five fluoro; 

R*' and R« are each independently hydrogen. (C,-C4 alkyl), phenyl or phenylsulfonyl; 
said phenyl and phenylsulfonyl in the definition of R" and R** are optionally 
substituted with up to three halo, hydroxy. (C-CJalkyl optionally substituted with up to 
five fluoro or (CrC4)alkoxy optionally substituted with up to five fluoro; 

15 DisCO.CHOHorCHj; 
EisO.NHorS; 

R» and R*^ are taken separately and are each independently hydrogen, halo, cyano, 
hydroxy, amino. (C,-Ce)alkylamino. di-(CrC6)alkylamino. pyrrolidino. piperidlno. 
morpholino. (C,-C4)alkoxy.(C,-C4)alkyl. hydroxy-(CrC4)alkyl. Ar^. (C,-C4)alkyl 
20 optionaily substituted with up to five fluoro or (C,-C4)alkoxy optionaily substituted with 
up to five fluoro; 

R". R" and R* are each independently hydrogen or (C,-C4)-a'kyl; 
Ai^ is phenyl, furanyl. thienyl. pyridyl. pyrimidyl, pyrazinyl or pyridazinyl; said Ar- being 
optionally substituted with up to three hydroxy. (C,-C4)aIkoxy-{CrC4)aIkyl, halo. 
25 hydroxy-{C,-C4)alkyl. (C,-C4)alkyl optionally substituted with up to five fluoro or (C,- 
C4)alkoxy optonally substituted with up to five fluoro; or 

and R'' are taken together on adjacent carbon atoms and are -©-{CHjX-O-; 
tis1,2or3; 
Y is {C2-Cs)alkylene; 
30 R*', R** and R** are each independently hydrogen or (C,-C4)alkyl; 

m and n are each independently 1 . 2 or 3. provided that the sum of m and n is 2. 3 or 

4; 

kis 0.1. 2. 3 or 4; 
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is a covalent bond, carbonyl, sulfonyl or oxycarbony!; 
is (C3-C7)cycloalkyl. Ar^-(Co-C4)alkylenyl, NR^'R"' or (CrC6)aikyI optionally 
substituted one to five fiuoro; provided that when is a covalent bond or 
oxycarbony!, then R^ Is not NR^^R^; 
5 R^ and R** are taken separately and are each independently selected from hydrogen, 
Ar^,(CrCe)alkylandAi^«{Co-C4)alkylenyl;or • " 

R*' and R"* are taken together with the nitrogen atom to which they are attached to 
fomn azetidinyl, pyrrolidinyl. piperidinyl, piperazinyl. morpholinyl, azepinyl. 
a2abicycloI35.2]nonanyi, a2abicyclo[2.2.1]heptyl. 1^,3,4-tetrahydroisoquinolyl. 6.7- 

1 0 dlhydro5H-dlben20[c,e]azepinyl or 5,6,7,6-tetrahydropyrido[4,3-d]pyrimidyl; said 
azetidinyl in the definition of R^^ and R^ are optionally substituted vwth one hydroxy, 
amino, hydroxy-(CrC4)alkyl, (Ct-C4)alkoxy-(CrC4)aIkyl, (C^-C4)alkyl optionally 
substituted with up to five fiuoro or (C,-C4)alkoxy optionally substituted with up to five 
fiuoro; said pyrroiidinyl, piperidinyl and azepinyl in the definition of R*^ and R** are 

15 optionally substituted with up to two hydroxy, amino. hydroxy-(C,-C4)alkyl. (C,- 

C4)alkoxy-(CrC4)alkyl, (Ct-C4)alkyl optionally substituted with up to five fiuoro or (Ct- 
C4)alkoxy optionally substituted with up to five fiuoro; said morpholinyl in the definition 
of R^^ and R^ is optionally substituted with up to two substituents independentiy 
selected from hydroxy-(CrC4)alkyl. (CrC4)alkoxy-(C,-C4)alkyl. (Ct-C4)alkyl optionally 

20 substituted with up to five fiuoro and (Ci-C4)alkoxy optionally substituted v^tti up to five 
fiuoro; said piperazinyl. 1^.3,4-tetrahydroisoquinolyi and 5.6,7,8-tetrahydro[4,3- 
d]pyrimidyl in tine definition of R*^ and R*" are optionally substituted witii up to ttiree 
hydroxy, amino, halo. hydroxy-(C^-C4)aikyi, (C,-C4)alkoxy-(CrC4)alkyl. {CrC^)a\ky\ 
optionally substituted v/ith up to five fiuoro or (Ct-C4)alkoxy optionally substituted witii 

25 up to five fiuoro; and said 6,7-dihydro-5H-dibenzo[c,e]azeplnyl in the definition of R^^ 
and R** are optionally substituted witti up to four hydroxy, amino, halo, hydroxy-(Cr 
C4)alkyl. {Ci-C4)alkoxy-(Ci-C4)alkyl. (Ci-C4)alkyl optionally substituted with up to five 
fiuoro or (CrC4}alkoxy optionally substituted vA\h up to five fiuoro; 
Ar" is independentiy defined as set forth for Ar and Ar^ above; 

30 Ar^ is optionally independentiy substituted as set forth for Ar and Ar^ above; 

R*^ and R**" are independentiy hydrogen. (C3-C7)cycloaIkyl. Ar'-(Co-C3)alkylenyl. Ar*- 
(C2-C4)alkenyl. Ar^-carbonyl or {CrCfl)alkyl optionally substituted vwlh up to five fiuoro; 
Ar' is independentiy defined as set fortii for Ar and Ar^ above; 
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Ar* is optionally Independently substituted as set forth for Ar and Ar' above; and 
R*^ and R^^* are each independently hydrogen or (CrC4)alkyL 

A prefenBd group of compounds of fomnula I, designated Group A, are those 
compounds of fomnula I. prodrugs thereof and pharmaceutically 
5 acceptable salts of said compounds or said prodmgs. wherein: 

R'is 




substituted by R^R^' or R^; 

G^ and G^ are taken separately and are each hydrogen, r is 0 and R'^ is hydrogen, 
1 0 (CrC<)alkyl. (CrC<)aIkoxycarbonyl or phenyl optionally substituted by up to three 

hydroxy, halo. hydroxy-(CrC4)alkyl, (CrC4)alkoxy-(Ct-C4)aIkyl. (CrC4)alkyl optionally 
substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with up to five 
fluoro; R'" and R** are each Independently (CrC4)alkyl; 
G^ G* and G* are taken separately and are each hydrogen; r Is 1; and R" is 
1 5 hydrogen. (CrC4)alkyl. (C,-C4)alko)cycarbonyl or phenyl optionally substituted by up to 
three hydroxy, halo. hydroxy-(CrC4)alkyl. (CrC4)alkoxy-(CrC4}a!kyl. (CrC4)alkyl 
optionally substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with 
up to five fiuoro; R^* and R^ are each independently hydrogen or (Ci-C4)alkyl; or 
G' and G' are taken together and are (CrCa)alkylene; r is 0 or 1 ; and R'*. R'^ R^ and 
20 G* are hydrogen; or 

G' and G* are taken together and are (CrC3)alkylene; r is 0 or 1; and R'*. R", R^ and 
G* are hydrogen; 

R" is SOjNR^R^, CONR^^R**. (C,-C8)alkoxycarbonyl. (CrC6)alkylcarbonyl, Ar^- 
carbonyl. (C,-C6)alkylsulfonyl. (C,-Ce)alkylsulfinyl, Ar^-sulfonyl. Ar^-sufinyl and (C,- 
25 Ce)a!kyl; 

R^ and R^ are taken separately and are each independently selected from hydrogen, 
(CrC6)alkyl. {C3-C7)cycloalkyl and Ar^-(Co-C4)alkylenyt; or 
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R^' and are taken together with the nitrogen atom to which they are attached to 
form azetidinyl, pynx)lidinyl, piperidinyl, piperazinyl. morphoiinyl, azepinyl, . 
a2abicyclo[3.2.2]nonanyl, azabicydo[2.2.1]heptyl, 6.7-dihydro-5H- 
diben2o[c,e]a2epinyl, 1.2,3,4-tetrahydro-isoquinolyi or 5,6.7,8-tetrahydropyrido[4.3- 
5 djpyrimidyt; said azetidinyl in the definition of R^^ and R^ is optionally substituted 
independently with one substituent selected from hydroxy, amino. hydroxy^(C,- 
.C4)alkyl. (CrC4)alkoxy-(CrC4)alkyI. (CrC4)alkyl optionally substituted with up to five 
fluoro and (Ct-C4)alkoxy optionally substituted with up to five fluoro; said pyn-olidlnyl. 
piperidinyl. morpholinyi; azepinyl In the definition of R^^ and R^ are optionally 

1 0 substituted independently with up to two substltuents independently selected fi'om 
hydroxy, amino, hydroxy-(CrC4)alkyl. (Ct-C4)alkoxy-(CrC4)alkyl. (CrC4)alkyl 
optionally substituted with up to five fluoro and (CrC4)alkoxy optionally substituted 
with up to five fluoro; said morpholinyi in the definition of R^^ and R^ is optionally 
substituted vA\h up to two substltuents independently selected from hydroxy-{Cr 

15 G4)alkyl. (CrC4)alkoxy-(CrC4)alkyl, (CrC4)aIkyl optionally substituted with up to five 
fluoro and (CrC4)alkoxy optionally substituted with up to five fluoro; said piperazinyl in 
the definition of R^^ and R" is optionally substituted independently with up to three 
substltuents independently selected fi^m phenyl, pyridyl, pyrimidyl, (Cr 
C4)alkoxycarbonyl and (C,-C4}alkyl optionally substituted with up to five fluoro: said 

20 1 .2,3,4-tetrahydro-isoquinolyl and said 5.6,7.8-tetrahydropyridoI4,3-d]pyrimidyl in the 
definition of R'' and R^ are optionally substituted independently with up to three 
substituents independently selected from hydroxy, amino, halo. hydroxy-(Ci-C4)alkyl, 
(CrC4)aIkoxy-{CrC4)a!kyl, (CrC4)alkyl optionally substituted with up to five fluoro and 
(Ci-C4)aIkoxy optionally substituted with up to five fluoro; said pyrimidyl, pyridyl and 

25 phenyl which are optionally substituted on said piperazine in the definition of R^ and . 
R= Is optionally substituted witii up to three substituents selected from hydroxy, 
amino, hydroxy-(C,-C4)alkyl, (Ci-C4)alkoxy-(C,-C4)aIkyl. (Ct-C4)alkyl optionally 
substituted witii up to five fluoro and (Ci-C4)alkoxy optionally substituted wth up to five 
fluoro; and said 6,7-dihydr(>-5H-dibenzo[ce]azepinyl in the definition of R*' and R^ is 

30 optionally substituted with up to four substituents independentiy selected from 

hydroxy, amino, halo, hydroxy-(C,-C4)alkyl, (CrC4)aIkoxy-(Ct-C4)alkyl. (C,-C4)alkyl 
optionally Substituted ViriOi up to five fluoro and (Ci-C4)alkoxy optionally substituted 
with up to five fluoro. 
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Another preferred group of compounds of formula I, designated Group B, are 
those compounds of formula I. prodmgs thereof and pharmaceuticaliy 
acceptable salts of said compounds or said prodrugs, wherein: 
R'is 



10 



15 



20 



R*> is CONR*R". SOaR'^R* wherein R^ is hydrogen (C,-C4)alkyl or Ar»-{Co- 
C«)alicylenyl and R» Is Af*-(Co-C4)a!kylenyl; provided that when Ar* Is pheriyi, naphthyl 
or biphenyl. then R» cannot t»e CONR»R» where R" Is hydrogen or Ar* and R» Is 
AT*: 

R« is hydrogen, (C,-C4)alkyl. (C,-C4)aIko)cycarbonyl or phenyl optionally substituted by 
up to three (CrC4)alkyl optionally substituted with up to five fluoro, (C,-C4)all<oxy 
optionally substituted writh up to five fluoro. hydroxy, halo or hydroxy-(C,-C3)alkyl. 

Another preferred group of compounds of formula 1, designated Group C. are 
those compounds of formula I. prodrugs thereof and phamiaceutically 
acceptable salts of said compounds or said prodrugs, wherein: 
R»is 

A. 




I 



'<9 

I 



is hydnsgen or (CrC4)alkyl; 

and R^ are each Independently hydrogen, hydroxy, halo. hydroxy-(CrC4)alkyl. 
(CrC4)alkoxy-(Ct-C4)alkyl. (CrC4)alkyl optionally substituted with up to five fluoro. (C,- 
C4)alkoxy optionally substituted with up to five fluoro. phenyl, pyridyl, pyrimidyl, thienyl, 
furanyl. thiazolyl. oxazolyl. phenoxy, thiophenoxy. S02NR*R'\ CONR^^R'^ or NR^R*'; 
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said Ihienyi, pyrimidyl. furany!, thiazolyl and oxazoiyi in the definition of and are 
optionally substituted by up to two hydroxy, halo, hydroxy-(CrC4)aikyl. (C,-C4)alkoxy« 
(CrC4)alkyl. (CrCJalkyl optionally substituted with up to ffve fiuoro or (CrC4)alkoxy 
optionally substituted with up to five fiuoro; said phenyl, pyridyl, phenoxy and 
5 thiophenoxy in the definition of and R® are optionally substituted by up to three 
hydroxy, halo, hydroxy-(CrC4)alky!, (CrC4)alkoxy-(CrC4)all<yl. (C^C4)alky^ optionally 
substituted with up to five fiuoro or (Ct-C4)alkoxy optionally substituted vrith up to five 
fiuoro; 

' R** and R'' are each independently hydrogen, (CrC4)alkyl. (C3-C7)cycloalkyl or 

'10 phenyl, said phenyl is optionally substituted vwth up to three hydroxy, halo, hydroxy- 
(CrC4)alkyl, (Ci-C4)alkoxy-(CrC4)alky!. (C,-C4)alkyl optionally substituted with up to 
five fiuoro or (Ci-C4)alkoxy optionally substituted with up to five fiuoro; or 
R^ and R^^ are taken together with the nitrogen to which they are attached to form 
indolinyl, pym)Iidinyl, piperidinyl. piperazinyl or morpholinyl; said pymolidinyl and 

15 piperidinyl in the definition of R" and R^^ are optionally subsfltuted with up to two 
hydroxy, amino. hydroxy-(C,-C4)alkyl, (C,-C4)alkoxy-(CrC4)alkyl. {C,-C4)alkyl 
optionally substituted with up to five fiuoro or (CrC4)alkoxy optionally substituted with 
up to five fiuoro; said indolinyl and piperazinyl in ttie definition of and R'^ are 
optionally substituted witti up to three hydroxy, amino, or hydroxy-(Ct-C4)alkyl. (C,- 

20 C4)aIkoxy-(CrC4>alkyl. (CrC4)alkoxycart)onyl, (CrC4)alkyl optionally substituted witii 
up to five fiuoro or (CrC4)alkoxy optionally substituted vAth up to five fiuoro; said 
morpholinyl in the definition of R^ and R'^ is optionally substituted wiUi up to two 
substituents independently selected from hydroxy-(CrC4)alkyl, (C,-C4)alkoxy-(Cr 
C4)alkyl, {Ct-C4)alkyl optionally substituted witin up to five fiuoro and (CrC4)alkoxy 

25 optionally substituted witti up to five fiuoro. 

Yet another preferred group of compounds of fonmila I, designated Group D. 
are those compounds of formula I. prodmgs tiiereof and phamriaceutically 
acceptable salts of said compounds or said prodnjgs, wherein: - - 
R*is 
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6 



or 



\ 



N 



A is N optionally substituted with hydrogen or (Ci-C4)alkyl and B is carbonyl; or 



A is carbonyl and B is N optionally substituted with hydrogen or (Ct-C4)alkyl; 
is hydrogen or (CrC4)alkyl: 
5 R" is phenyl, pyridyl, pyrimidyl, thiazolyl. oxazolyl, benzyl, quinolyl, isoquinolyl, 
phthaiizinyl, quinoxanlyl. benzothlazoyi, benzoxazofyl, benzofuranyl or benzothienyl; 
said phenyl, pyridyl, pyrimidyl, thiazoiyl. oxazolyl, benzyl, quinolyl. isoquinolyl, 
phthalizinyl, quinoxanlyl, benzothiazoyi, benzoxazolyl, benzofuranyl and benzothienyl 
in the definition of R^ are optionally substituted with up to three phenyl, phenoxy, 
1 0 NR**R^. halo, hydroxy, hydroxy-(CrC4)allcyl, (CrC4)alkoxy.(C,-C4)alkyl. {C,-C4)alkyl 
optionally substituted with up to five fiuoro or (CrC4}alkoxy optionally substituted with 
up to five fiuoro; 

R^ and R^ are each independently hydrogen, (C1-C4 alkyi), phenyl or phenylsulfonyl; 
said phenyl and phenylsulfonyl in the definition of R** and R'^ are optionally 
1 5 substituted with up to three halo, hydroxy, (C,-C4)alkyi optionally substituted with up to 
five fiuoro or (CrC4)alkoxy optionally substituted with up to five fiuoro. 

Still another prefen-ed group of compounds of formula I. designated Group E, 
are those compounds of fonnuta I. prodrugs thereof and pharmaceuticaliy 
acceptable salts of said compounds or said prodrugs, wherein: 



20 R'ls 
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Dis CO. CHOH or CH2;- 
E is 0, NH or S; 

and are taken separately and are each independently hydrogen, halo, cyano. 
5 hydroxy, annino, {C,-Ce)a!kylannino. di-(CrCe)alkylamino. pymolidino, piperidino. 
morpholino. (CrC4)alkoxy-(CrC4)aIkyl, hydroxy-(CrC4)alkyl, Ar". (CrC4)alkyl 
optionally substituted with up to five fluoro or (C,-C4)alkoxy optionally substituted with 
up to five fluoro; 

R'^. R" and R** are each independently hydrogen or (CrC4)-alkyl; 
10 At* Is phenyl, furanyi, thienyl, pyridyl, pyrimidyl, pyrazinyl or pyridazinyl; said Ar^ being 

optionally substituted with up to three hydroxy. (CrC4)aIkoxy-(C,-C4)a!kyl. halo. 

hydroxy-(Ct-C4)aIky!, (C,-C4)alkyl optionally substituted with up to five fluoro or (C,- 

C4)a!koxy optionally substituted with up to five fiuoro; or 

R^ and R'^ are taken together on adjacent carbon atoms and are -O-CCHaX-O-; 
15 t is 1.2 or 3, 

Still another prefen^d group of compounds of formula I. designated Group F, 
are those compounds of formula 1. prodrugs thereof and pharmaceutically 
acceptable salts of said compounds or said prodrugs, wherein: 
R*is 
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43 



Y* 




Yis (C2-Ce)alkylene; 

R**, R^^ and R*® are each independently hydrogen or (Ct-C4)alkyl; 
m and n are each independently 1 , 2 or 3, provided that the sum of m and n is 2. 3 or 
5 4; 

l( is 0 to 4; 

is a covalent bond, carbonyl. sulfonyl or ojcycarbonyl; 
is (CrC7)cycloalkyl, Ar*-{Co-C4)aII<ylenyl. NR^'R^ or (CrC6)alkyl optionally 
substituted with one to five fiuoro; provided that when Y^ is a covalent bond or 
1 0 oxycarbonyl, then R*^ is not NR*^R**; 

R^^ and R** are taken separately and are each independently selected from hydrogen, 
Ar*. (CrC6)alkyl and Ar^-(Co-C4)alkylenyl; or 

R^^ and are taken together with the nitrogen atom to which they are attached to 
fonn azetidinyl, pyrrolWinyl, plperidinyl, piperazinyl. morpholinyl, azeplnyl, 
1 5 azabicyciot32.2]nonany!, a2abicyclot2.2.1]heptyl. 1 ,2,3.4-tetrahydrDisoquinolyl, 6,7- 
dihydro-5H-dibenzo[c,e]a2epinyl or 5,6,7.B-tetrahydropyrido[4,3-d]pyrimidyl; said 
azetidinyl in the definition of R*^ and R** are optionally substituted with one hydroxy, 
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amino, hydroxy-CCrC^lalkyl, (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl optionally 
substituted with up to five fluoro or (C,-C4)alkoxy optionally substituted with up to five 
fluoro; said pyn'olidinyl, piperidinyl and azepinyl in the definition of R*^ and R** are 
optionally substituted with up to two hydroxy, amino. hydroxy-(CrC4)alkyl. (Ci- 
5 C4)alkoxy-(CrC4}alkyl, (CrC4)alkyl optionally substituted with up to five fluoro or (C,- 
C4)alkoxy optionally substituted with up to five fluoro; said morpholinyl in the-definition 
of R^' and R^* is optionally substituted with up to two substituents independently 
selected from hydrpxy-(CrC4)alkyl. (CrC4)alkoxy-(CrC4)alkyI» (CrC4)a!kyl optionally 
substituted with up to five fluoro and (Ci-C4)alkoxy optionally substituted with up to five 

10 fluoro; said piperazinyl, 1 A3.4.tetrahydrolsoquinolyl and 5,6,7, Wetrahydro[4.3- 
d]pyrimidy! in the definition of R^ and R** are optionally substituted with up to three 
hydroxy, amino, halo, hydroxy-(CrC4)a!kyl. (CrC4)aIkoxy-(CrC4)alkyl, (CrC4)aIkyl 
optionally substituted with up to five fluoro or (CrC4)aIkoxy optionally substituted with 
up to five fluoro; and said 5,7<iihydro-5H-dibenzo[c,e]azepinyI in the definition of R^^ 

15 and R^* are optionally substituted vwth up to four hydroxy, amino, halo, hydnDxy-(Cr 
C4)alkyl. (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyl optionally substituted with up to five 
fluoro or (CrC4)all<oxy optionally substituted with up to five fluoro. 

A prefen-ed group of compounds within Group F, designated Group FA. are 
those compounds, prodrugs thereof and pharmaceutically acceptable salts of said 

20 compounds or said prodrugs wherein: 
R^ is (R)-1-hydroxy-ethyl; 
R^ is hydrogen; 
R^ is 





25 kisO; 



is a covaient bond; and 
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is 4-pyrimidinyl substituted at the 2-position with 1-hydroxymethyf. 

A preferred group of compounds within Group FA, designated Group FB, are 
those compounds, prodrugs thereof and pharmaceutically acceptable salts of said 
compounds or said prodojgs, which is 1R-(4-{142-(1R-hydroxy-ethyl)-pyrinriidin-4-yl]- 
[4.4']bipiperidlnyM-yl}-pyrimidin-2-yl)-ethanol. 

Another preferred group of compounds of formula I, designated Group G, are 
those compounds of formula I, prodmgs thereof and pharmaceutically 
acceptable salts of said compounds or said prodrugs, wherein: 



R^^and R^^ are independently hydrogen, (C3-C7)cydoaikyI. Ar^-(Co-C3)a[kylenyl, Ar*- 
(C2-C4)alkenyl. Ar*-carbonyl or (C^-Ce)alkyl optionally substituted with up to five fiuoro; 
and 

R*' and R^^" are Independently hydrogen or (CrC4)alkyl. 

sail another prefen^ group of compounds of formula I, designated Group H, 
are those compounds of formula I, prodojgs thereof and pharmaceutically acceptable 
salts of said compounds or said prodrugs, wherein: 

R' is C{OH)R*R^ where R* and R® are each independently hydrogen or methyl; 

R^ is hydrogen; 

R^is 



R*te 




or 





N 



wherein said R* is substituted by R\ R^ or R*; 
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G. and G^ are taken separately and are each hydrogen and is hydrogen or (C,- 
C4)aikyl; and R* are each independently hydrogen or (C,-C4)alkyl; or 
G and G' are taken together and are (Ct-C3)alkylene and R^ R^ R" and G^ are 
hydrogen; or 

5 G' and G^ are taken together and are (CrC3)alkyiene and R^ R^ R' and G are 
hydrogen; . - 

qisOorl; 

X is a oovalent bond, oxycarfoonyl.vinylenylcarbonyl, oxy(CrC4)alkylenytcarbonyl, 
thio(C^-C4)aIkylenylcarbonyt or vinylenylsuffonyl; said vinylenylcarbbnyi and said 
1 0 vinylenylsulfonyl in the definition of X are optionally substituted on one or two vinylenyl 
carbons with {C,-C4)alkyl. benzyl or Ar; said oxy{CrC4)aIkylenylcarbonyl and said 
thio(CrC4)alkylenyicarbonyl in the definition of X are optionally substituted with up to 
two (Ci-C4)alkyl, benzyl or Ar; 

R® is (C3-C7)cycioalkyl. Ar^-(Co-C4)alkylenyl or (CrCe)alkyl optionally substituted with 

15 up to five fluoro; 

Ar^ is phenyl, naphthylrpyridyl, pyrimidyl» pyrazinyl. pyridazinyl. triazinyl, quinolyl, 
isoquinolyl, quinazotyl, quinoxalyl, phthalazinyl, dnnolinyl, naphthyridinyl. pteridinyl, 
pyrazirK»pyrazinyi, pyrazinopyridazinyl, pyrimidopyridazinyl. pyrimidopyrimidyl, 
pyridopyrimidyl, pyridopyrazinyl. pyridopyridazinyl, pynrolyl, fiiranyl, thienyl, imidazolyl. 

20 oxazolyl, thiazolyl. pyrazolyl, tsoxazolyl, isothiazoiyl, triazolyl, oxadiazolyl, thiadiazolyl, 
tetrazolyl, indolyl, benzofuranyl, benzothienyl. benzimidazolyl. t>enzoxazolyl, 
benzothiazolyl. indazolyl, benzisoxazolyl, benzisothiazolyl, pyrrolopyridyl. furopyridyl. 
thienopyridyl, imldazolopyridyl, oxazoiopyridyl, thiazolopyridyl, pyrazolopyridyt, 
Isoxazolopyridyl, isothiazolopyridyl, pyrrolopyrinnidyl, funopyrimidyl. thienopyrimidyl, 

25 imidazolopyrimidy^, oxazolopyrimidyi. thiazolopyrimidyl. pyrazolopyrimidyl, 
isoxazolopyrimidyl, isothiazolopyrimidyl, pyrolopyrazinyl, furopyrazinyl, 
thienopyrazinyl. imidazoiopyrazinyl, oxazolopyrazinyt, thiazolopyrazinyl, 

pyrazolopyrazinyl, isoxazolopyrazinyl. isothiazolopyrazinyl. pyrroiopyridazinyl, 

furopyridazinyl, thienopyridazinyl, imidazolopyridazinyl, oxazoiopyridazinyl, 

30 thiazolopyridaziny!. pyrazolopyridazinyl, isoxazolopyridazinyl or isothiazolopyridazinyl; 
and 

said Ar^ is optionally substituted as set forth above. 
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A preferred group of compounds within Group H. designated Group HA. are 
those compounds, prodrugs thereof and pharmaceuticafly 
acceptable salts of said compounds or said prodrugs, wherein: 
X is a covalent bond, oxycarbonyl or vinylenylcarbonyi optionally substituted on one or 
5 two vinylenyl carbons with (CrC4)alkyl, benzyl or Ar. 
R'isArMCo-C4)alkylenyl; 

Ar^ is phenyl, naphthyl, pyridyl, pyrimidyl. pyrazinyl. triazinyl, quinolyl, isoquinolyl. 

quinazoiyi, quinoxalyl, furanyl, thienyl, indolyl, benzofuranyl, benzothienyl. 

benzoxazolyl, benzothiaizolyl. furopyridyl. oxazolopyridyl, thiazolopyridyl, thienopyridyl, 
1 0 furopyrimldyl. thienopyrimidyl. oxazolopyrimidyl or thiazolopyrimidyl; and 

said Ar^ is opfionalty substituted as set forth in daim 1. 

A preferred group of compounds within Group HA. designated Group HB, are 

those compounds, prodrugs thereof and phanmaceuticaliy 

acceptable salts of said compounds or said prodnjgs. wherein: 
15 is hydrogen; 

is hydrogen or methyl; 

R* is methyl; 

G, G^ and G^ are hydrogen; 

R° and R^ are each independently hydrogen or methyl; 
20 R* is hydrogen. 

A preferred group of compounds within Group HB, designated Group HC, are 

those compounds, prodnjgs thereof and pharmaceuticaliy acceptable salts of said 

compounds or said prodrugs wherein: 

R' is (R)-1-hydroxy-ethyl; and 
25 RMs 
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A preferred compound within Group HC is the compound wherein is 2- 
furo[3.2-c]pyridyl. a prodrug thereof or a pharmaceutically acceptable salt of said 
compound or said prodrng. 

Another preferred compound within Group HC is the compound wherein is 
5 2-{4-chloro-furo[3,2-c]pyridyl). a prodrug thereof or a pharmaceutically acceptable salt 
of said compound or said prodrug. . - 

Another preferred compound within Group HC is the compound wherein Is 
2-(4-pyrroIidln-1-yl-furo[3,2-c]pyridyI). a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodnjg. 
■ 10 Another prefen-ed compound within Group HC is the compound wherein R" is 

2-(4-morpholin-4-yl-furo[3.2-c]pyridyl), a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

Another preferred compound within Group HC is the compound wherein R® is 
2-imidazo[1 ,2-a]pyridyt. a prodrug thereof or a phamnaceutically acceptable salt of 
1 5 said compound or said prodrug. 

Prefenied compounds within Group HC are furoI3,2-c]pyridin-2-yK4-[2-(1R- 
hydro)cy-€thyl}-pyrimidin-4-yl]-3R,5S-dimethyl-pipera2in-1 -yl}-methanone; (4-chloro^ 
furo[3,2K:lpyridin-2-ylH^-{1R-hydroxy«^thyl)-pyrimidirh4-ylJ-3R.5S-^ 
plperazin-1 -yl}-methanone; {4-t2-(1 R-hydroxy-ethyl)-pyrimidin-4-yl]-3R,5S-dimethyl- 
20 piperazln-1-yI}-(4-pyrrolidin-1 -yl-furo[3.2-clpyridin-2-y!)-methanone; {4-[2-(1 R-hydroxy- 
ethyI}-pyrimidin-4-yl]-3R,5S-dlmethyl-piperazin-1-yl}-{4-morpholin-4-yl«furoI3^- 
c]pyridin-2-yl)-methanone; and {4-[2-{1R-hydroxy-ethyl)-pyrimidin-4-yO-3R,5S- 
dimethyl-piperazin-1 -yl}-imidazo[1 .2-a]pyridin-2-y^methanone. 

Another preferred group of compounds within Group HB, designated Group 
25 HD, are those compounds, prodnjgs thereof and pharmaceutically acceptable salts of 
said compounds or said prodatgs wherein: 

is (R)-1 -hydroxy-ethyl; and 
R'ls 
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Ma 




Me 



10 



15 



A preferred compound within Group HD is the compound wherein R® is 2- 
furo[3,2-c]pyridyl, a prodrug thereof or a pharmaceutically acceptable salt of said 
compound or said prodrug. 

An especially preferred compound within Group HD is furo[3.2-c]pyridin-2-yl- 
{4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yO-2R,6SKjimethy}-pipera2in-1-yl}-r^ 

Another preferred group of compounds within Group HB. designated Group 
HE, are those compounds, prodrugs thereof and pharmaceutically acceptable salts of 
said compounds or said prodmgs wherein: 

is (R>-1-hydroxy-ethyl; and 
R'ls 



A prefen-ed compound within Group HE is the compound wherein R^ is 3- 
pyridyl, a prodrug thereof or a pharmaceutically acceptable salt of said compound or 
said prodrug. 

Another preferred compound within Group HE is the compound wherein R® is 
3-(2-methylpyridyl), a prodrug thereof or a phamnaceuticaily acceptable salt of said 
conipound or said prodrug. 

Another prefen-ed compound within Group HE is the compound wherein R® is 
3-(5-chloropyridyl), a prodaig thereof or a pharmaceutically acceptable salt of said 
compound or said prodrug. 
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Another preferred compound within Group HE is the connpound wherein is 
3-(6-methyipyridyl), a prodrug thereof or a pharmaceutically acceptable salt of said 
compound or said prodrug. 

Preferred compounds within Group HE are 4-I2-{1R-hydroxy-ethyl)-pyrimidin- 
5 4-yl]-2R.6S-diniethyl-piperazine-1-carboxyiic add pyridin-3-yl ester 4-[2-(1 R-hydroxy- 
ethyl)-pyrimidin-4-yI]-2R.6S-dimethyl-pipera2ine-1-carb0)Qiic add 2-methyl-pyridin-3- 
yl ester; 4-[2-{1 R-hydro)iy-ethyl)-pyrimidin-4-yl]-2R.6S-dimethyl-piperazine-1 - 
carboxyiic acid 5-chloro-pyridin-3-yl esten and 4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yq- 
2R,6S-dimethyl-pipera2ine-1-carfaoxylic add 6-methyl-pyridin-3-yl ester. 
10 Another prefen-ed group of compounds within Group HB, designated Group 

HF. are those compounds, prodmgs thereof and phamiaceuticaliy acceptable salts of 
said compounds or said prodrugs wherein: 
R^ is (R}-1-hydroxy-ethyl; and 
R^ is 




A prefen-ed compound within the Group HF is the compound wherein R* is 2- 
thlenyl, a prodrug thereof or a phanmaceuticaliy acceptable salt of said compound or 
said prodrug. 

An espedally prefen-ed compound within Group HF is (E)-1 -{4-[2-(1 R- 
20 hydroxy-ethyl)-pyrimidin-4-yO-2R.6S-dimethyI-pipera2in-1-yl^3-thiophen-2-y^^ 
propenone. 

Another prefened group of compounds within Group HB, designated Group 
HG, are those compounds, prodrugs thereof and phamnaceutically acceptable salts of 
said compounds or said prodrugs wherein: 
25 R' is {R}-1-hydroxy.€thyl; 
R^s 
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I 

' ;and 

is pyrimidyl or triazinyl; said pyrimidyl or triazinyl is optionally substituteti with up to 
.two hydroxy. (CrC4)alkyl, (C3-C7)cycloa!kyI. (CrC4)alkoxy. hydroxy.(C,-C4)aikyl. (C,- 
C4)alkoxy-(CrC4)alkylenyl, phenyl, piperazinyl optionally substituted with (C,-C4)alky!. 
5 or imidazolyl optionally substituted with up to two (C,-C4)alkyt. 

A preferred group of compounds within Group HG, designated Group HH, are 
those compounds, prodmgs thereof and phamiaceutically acceptable salts of said 
compounds or said prodrugs wherein: R*' is pyrimid-2-yl optionally substituted with up 
to two (CrC4)aIky!, hydroxy-(CrC4)alkyl or (C,-C4)aIkoxy-(CrC4)aIkyl. 
10 A prefen-ed compound within the Group HH is the compound wherein R* is 

4,6-dimethyipyrimid-2-y!, a prodnjg thereof or a pharrraceutically acceptabie salt of 
said compound or said prodrug. 

Another prefen-ed compound within the Group HH is the compound wherein 
R* is 4-methoxymethyl-6-methylpyrimid-2-yl. a prodrug thereof or a pharmaceutically 
1 5 acceptable salt of said compound or said prodrug. 

Another prefen^ed compound within the Group HH is the compound wherein 
R* is 4-hydroxymethyl-6-methylpyrimid-2-yi. a prodmg thereof or a pharmaceutically 
acceptable salt of said compound or said prodmg. 

A prefen-ed gnDup of compounds within the Group HH are lR-{4-[4-(4.6- 
20 dimethyl-pyrimidin-2-yl}-3R.5S-dimethyI-piperazin-1 -yl]-pyrimidin-2-yI}-ethanol; 1 R-{4- 
[4.(4-methoxymethyl-6-methyl-pyrimidin-2-yi)-3R,5S-dimethyl-pipera2in-1-yl]. 
pyrimidin-2-yI}-ethanol; and 1R-{4-[4-(4-hydroxymethyl-6-methyl-pyrimidin-2-yl)- 
3R,5S-dimethyl-pipera2in-1-yI]-pyrimidin-2-yl}-ethanol. 

Another preferred gnDup of compounds within the Group HG, designated HI, 
25 are those compounds, prodaigs thereof and pharmaceutically acceptable salts of 
said compounds or said prodrugs wherein: R^ is pyrjmid-4-yl optionally substituted 
with up to two (C,-C4)alkytpiperazin-1-yl or imidazolyl; and said imidazolyl is optionally 
substituted with up to two (Ci-C4)alkyl. 
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A preferred compound within the Group HI is the compound wherein is 2- 
(4-methylpiperazin-1 -yl)-pyrimid-4-yl, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

Another preferred connpound within the Group HI is the compound wherein 
5 is 2-(4-€thylpiperazln-1 -yl)- pyrimid-4-yl, a prodoig thereof or a phanmaceutically 
acceptable salt of said compound or said prodrug. 

Another preferred compound within the Group HI is the compound wherein R* 
is 2-(4-methylin1idazol-1 -yl)- pyrimid-4-yl, a prodrug thereof or a pharmaceutically 
acceptable salt of said.compound or said prodrug wherein. 
1 0 Another prefen-ed compound within the Group HI is the compound v^erein R® 

is 2-(2-methylimidazol-1 -yl)- pyrimid-4-yl, a prodmg thereof or a phamiaceutically 
acceptable salt of said compound or said prodmg wherein. 

Another prefen-ed compound within the Group HI is the compound wherein R* 
is 2-{2.4-dlmethylimidazo!-1-yl)- pyrimid-4-yl, a prodnjg thereof or a phamiaceuticalty 
1 5 acceptable salt of said compound or said prodmg. 

Another prefenBd corhpound within the Group HI is the compound wherein R® 
is 2-(4-isopropylpiperaan-1-yl)- pyrimid-4-yI. a prodmg thereof or a pharmaceutically 
acceptable salt of said compound or said prodmg. 

Preferred compounds within Group HI are 1R-(4-{3R,5S-dimethyl-4-[2K4- 
20 nfrethyl-piperazin-1-yl)-pyrirnidin-4-yO-piperazin-1-yI^pyrinfiidin-2-^ 1 R-(4-{4- 

[2-(4-ethyl-pipera2in-1 -yi)-pyrimidin^yl]-3R,5S-din>ethyI-plpera2in-1 -yl}-pyrimidin-2- 
y!)-ethanol: 1 R-(4-{3R,5S-dimethyl-4-[2-{4-methy}-imidazoI-1-yl)-pyrimidin-4-yl]- 
piperazin-1 -y[}-pyrimidin-2-yI)-ethano!; 1 R-(4-{3R,5S-dlmethyl-4-[2-{2-methyl-imida20l- 
1 .yl)-pynmidin-4-yl]-piperazin-1 -yI}-pyrimidin-2-yl)-ethanol; 1 R-(4-(4-I2-(2,4-dimethyl- 
25 imidazo!-1 -yl)-pyrimidin-4-yl]-3R,5S-dimethyl-pipera2in-1 -yl}-pyrimidin-2-yl)-ethanol; 
and 1 R-{4-{4-[2-{4-isopropyl-pipera2in-1-yl)-pyrintidin-4-yO-3R.5S-dimethyl-pip^ 
1-yl}-pyrimidin-2-yl)-6thanol. 

Another preferred group of compounds within Group HG, designated Group 
HJ, are those compounds, prodmgs thereof and phamnaceutically acceptable salts 
30 of said compounds or said prodmgs wherein: R' is (1 ,3,5]-tria2in-2-yi optiortally 
substituted with up to two hydroxy. {CrC4)alkyl, (CrC7)cycloaIkyl, (CrC4)alkoxy, 
hydroxy-(GrC4)aIkyl. (C,-C4)alkylpipera2in-1 -yl or phenyl. 
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A preferred compound within the Group HJ is the connpouhd wherein is 4- 
methyl-6-{4-methylpiperazin-1-ylH1i3,5]-tria2in-2-yl, a prodrug thereof or a 
phannaceuticaily acceptable salt of said compound or said prodrug. 

Another preferred compound within the Group H J is the compound wherein 
5 is 4-methoxy-6-methyl-[1 ,3,5]-triazin-2-yl, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

Another preferred compound vrithin the Group HJ is the compound wherein 
is 4.6-dimethyoxy-[1,3,51-triazin-2-yl, a prodmg thereof or a pharmaceuticafly 
acceptable salt of said compound or said prodrug. 
10 Another preferred compound within the Group HJ is the compound wherein R® 

is 4-ethoxy-6-methy41 .3,5]-triazin-2-yl. a prodrug thereof or a phannaceuticaily 
acceptable salt of said compound or said prodrug. 

Another prefen^d compound within the Group HJ is the compound wherein R' 
is 4-isopropoxy-6-methyK1.3,5]-tria2in-2-yi, a prodnjg thereof or a pharmaceutically 
1 5 acceptable salt of said compound or said prodrug. 

Another prefen-ed compound within the Group HJ is the compound wherein R* 
is 4-phenyl-[1,3,5]-triazin-2-yl, a prodrug thereof or a pharmaceutically acceptable salt 
of said compound or said prodrug. 

Another preferred compound within the Group HJ is the compound wherein 
20 is 4^hydroxymethy!-6-methoxy-[1 .3,5]-tria2in-2-yI, a pn^drng thereof or a 
pharmaceutically acceptable salt of said compound or said prodrug. 

Another prefen-ed compound within the Group HJ is the compound wherein R® 
is 4-isopropoxy-6-methoxy-[1,3,5]-tria2in-2-yl. a prodrug thereof or a phannaceuticaily 
acceptable salt of said compound or said prodmg. 
25 Another prefenBd compound within the Group HJ Is the compound wherein R® 

Is 4-isopropyl-I1 .3.5]-tria2in-2-yI, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

Another preferred compound vwthin the Group HJ is the compound wherein R® 
IS 4-ethyl-6-methoxy-[1 ,3.5]-triazin-2-yl, a prodmg thereof or a pharmaceuticaily 
30 acceptable salt of said compound or said prodmg. 

Another preferred compound within the Group HJ is the compound wherein R® 
is 4-cyclopnDpyl-[1 .3,5]-tria2in-2-yI, a prodmg thereof or a phannaceuticaily acceptable 
salt of said compound or said prodmg. 
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Another preferred compound within the Group HJ is the compound wherein 
is 4,6-dimethyl-[1,3,5J-tria2in-2-yl. a prodrug thereof or a pharmaceutically acceptable 
salt of said compound or said prodrug. 

Another preferred compound within the Group HJ is the compound wherein 
5 is 4-methyl-6-phenyK1 ,3,5]-tria2in-2-yl. a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

Preferred compounds within the Group HJ are 1R-(4-{3R.5S-dimethyl-4-[4- 
methyl-6-{4-methyl-piperazin-1-ylH1 ,3.5]triazin-2-yl]iDipera2in-1-yl}-pyrimidin-2-yl)- 
ethanol; 1 R-{4-{4-(4-methoxy-6-methyl-[1 .3,5]tria2in-2-yl)-3R,5S-dirTOthyl-pipera2in-1 - 
1 0 yO-pyrimidin-2-yf}-ethanol; 1 R-{4-[4-{4,6-dimethoxy-[1 ,3,5]tria2in-2-yl)-3R,5S-dimethyl- 
piperazin-1-yl]-pyrimidin-2-yl}-ethanol; 1 R-{4-{4-(4-ethoxy-6-methyi-[l .3,5]tria2in-2-yl)- 
3R,5S-dimethyl-pipera2in-1-yO-pyrimidin-2-yl}-ethanol; 1 R-{4-[4-(4-isopropoxy-6- 
methyKI .3,5]triazin-2-yl)-3R,5S-dirTiethyl-piperazin-1-yQ-pyrimidin-2-yl}-ethanol; 1 R- 
{4-[3R,5S-dimethyl-4-<4-phenyi-[1 .3,5Jtriazin-2-yl>-piperazin-1 -yQ-pyrimidin-2-yI}- 
1 5 ethanol; 1 R-{4-t4.{4^iydroxymethyl-6-methoxy-[1 .3,5]triazin-2-yl)-3R.5S-dimethyl- 
piperazin-1-yO-pyrimldin-2-yI}-ethanol; 1 R-{4^4-(4-is6propoxy-6^rhethoxy. 
[1 .3,5]triazin-2-yl}-3R,5S-dimethyl-pipera2in-1-yO-pyrimidirH2-yl}-ett^^^ 1 R-[4-[4-(4- 
isopropyK1.3,5]tria2in-2-yi)-3R,5S-dimethyl-pipera2in-1-yI]-pyrimidi^^ 
1 R-{4-[4-{4,6-dlmethyl-[1 .3.5]tria2in-2-yl}-3R,5S-dimethyI-pipera2in-1-yI]-pyrimidin-2. 
20 yl}-€thanoi; 1 R-{4-[3R,5S-dimethyl-4-(4-methyl-6-phenyl-[1 ,3,5]triazin-2-yI)-pipera2in- 
1-yQpyrimldin-2.yI}-ethanoI; 1 R-{4.[4K4-cyclopropyl41 ,3.5]tria2in-2-yl)-3R,5S- 
dimethyl-piperazin-1-yI]-pyrimidin-2-yl)-ethanol; and 1R-{4-[4-(4-ethyl-5-methoxy- 
[1 ,3,5]tria2in-2-yl)-3R.5S-dimethyl-piperazin-1 -yO-pyrimidin-2-yI}-ethanol. 

Another group of prefen^d compounds within the Group HB, designated 
25 Group HK, are those compounds, prodaigs thereof and phanmaceufically acceptable 
salts of said compounds or said prodrugs wherein: 

Is (RH-hydroxy-etfiyl; 
R^ls 
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is pyrimidyl or triazinyl, said pyrimidy! and triazinyl optionally substituted with up to 
two hydroxy. (CrC4)alkyI, {C3-C7)cycloalkyl, (CrC4)alkoxy, hydroxy-(CrC4)alkyl, (C,- 
C4)alkoxy-(C,-C4)alkyI. triazolyl. acetyl, morpholinyl, (CrC4)alkyipiperaziriyl, phenyl or 
imidazolyl optionally substituted with up to two (Ci-C4)alkyl. 
5 A preferred group of compounds within the Group l-iK, designated HL, are 

those compounds, prodrugs thereof and phamiaceutically acceptable salts of said 
compounds or said prodrugs wherein: is pyrimid-2-yl optionally substituted witii up 
to two (C,-C4)alkyl, hydrDxy-{CrC4)aIkyl or triazolyl. 

A prefen-ed compound within the Group HL is the compound wherein R*" is 
. 10 4.6-dimethyl-pyrimid-2-yl. a prodnjg thereof or a phamiaceutically acceptable salt 
of said compound or said prodnjg. 

Another prefen-ed compound vAthm Vhe Group HL is the compound wherein R® 
is 4-hydroxymethyl-6-methylpyrimid-2-yI, a prodrug tiiereof or a phanmaceutically 
acceptable salt of said compound or said prodrug. 
1 5 Anottier prefen-ed compound wittiin the Group HL is ihe compound wherein R* 

is 4-[1 ,2.4]-tria20l-1-yl-pyrimid-2-yl, a prodmg thereof or a phamiaceutically 
acceptable salt of said compound or said prodnjg. 

Prefen^d compounds within tiie Group HL are 1R-{4-I4-(4.6-dimethyI- 
pyrimidin-2-yl)-2R,6S-dimethyl-pipera2in-1-yl]- pyrimidin-2-yl}-ethanol; 1 R-{4-[4-{4- 
20 hydroxymethyl-6-nTethy|.pyrimidin-2-yI>2R,6S-dimethyI-piperazin-1-yl]-pyrimidin-2-^^^ 
ethanoi; and 1 R-{4-[2R.6S-dimethyl-4-{4-[1 ,2,4]triazol-1 -yl-pyrimidin-2-yl}-pipera2in-1- 
yO-pyrimidin-2-yl}-ethanol. 

Another prefen-ed group of compounds witiiin Uie Group HK, designated 
Group HM. are those compounds, prodmgs thereof and phamiaceutically 
25 acceptable salts of said compounds or said prodmgs wherein: R* is pyrimid-4-yl 
optionally substituted witii up to two (CrC4)alky!. hydroxy.(C,.C4)alkyI. acetyl, 
morpholinyl. (CrC4)alkylpiperazinyl, triazolyl or imidazolyl optionally substituted with 
up to two (CrC4)alkyI. 

A prefen-ed compound within the Group HM is tine compound wherein R' is 
30 2.6-dimethyl-pyrimid-4-yI. a prodmg tiiereof or a phamiaceutically acceptable salt 
of said compound or said prodmg. 
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Another preferred compound within the Group HM is the compound wherein 
is 2-hydro)cymethyl-6-methy|.pyrimid-4-yl, a prodrug thereof or a phamiaceutically 
acceptable salt of said compound or said prodrug. 

Another prefenred compound within the Group HM is the compound wherein 
5 R' Is 2-acetyl-pyrimid-4-yl, a prodrug thereof or a pharmaceuticaliy acceptable salt 
of said compound or said prodrug. 

Another prefen-ed compound within the Group HM is the compound wherein 
R* is 2-morphoIin-4-yi-pyrimid-4-yl. a prodrug thereof or a phanraceutically 
acceptable salt of said compound or said prodrug. 
10 Another prefen-ed compound within the Group HM is the compound wherein 

R** is 2-(4-methylpiperazin-1-yl}-pyrimid-4-yl. a prodrug thereof or a pharmaceuticaliy 
acceptable salt of said compound or said prodrug. 

Another preferred compound within the Group HM is the compound wherein 
R* is 2-[1,2.4]-triazol-1-yl-pyrimid-4-yl,a prodrug thereof or a phamnaceutically 
1 5 acceptable salt of said compound or said prodnjg. 

Another preferred compound within the Group HM is the compound wherein 
R* is 2-(1 S-hydroxyethyl)-pyrimid-4-y!, a prodnjg thereof or a phannaceutically 
acceptable salt of said compound or said prodnjg. 

Another preferred compound within the Group HM is the compound wherein 
20 R^ is 2-(1 R-hydroxyethyI)-pyrimid-4-yl. a prodmg thereof or a pharmaceuticaliy 
acceptable salt of said compound or said prodmg. 

Another preferred compound within the Group HM is the compound wherein 
R* is 2-(4-ethylpiperazin-1-yl>-pyrimid-4-yl, a prodrug thereof or a pharmaceuticaliy 
acceptable salt of said compound or said prodrug. 
25 Another prefen-ed conpound within the Group HM is the compound wherein 

R* is 2-(4-methylimida2ol-1-yl)-pyrimid'4.yl, a prodrug thereof or a pharmaceuticaliy 
acceptable salt of said compound or said prodnjg. 

Another prefen-ed compound within the Group HM is the compound wherein 
R® is 2-(2,4.dimethyiimidazol-1-yi}-pyrimid-4-yl, a prodrug thereof or a 
30 phamiaceutically acceptable salt of said compound or said prodmg. 

Prefen-ed compounds within the HB Group are 1 R-(4-[4.{2,5-dimethyl- 
pyrimidin-4-yl}-2R.6S-dimethyl-pipera2in-1-yIh3yrintidin-2-yI^ 1R-{444-[2-(1 R- 
hydroxy.ethyl}-pyrimidin-4-y0.2R,6S.dimethyl-pipera2Jn-1-yI^pyrimidi 
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1R^4.[4.(2-hydroxym€thyl-6-methyl-pyrimidin-4-yl}-2R,6S-dim 

pyrimidin-2-yl}-ethanol; 1 R^4-{4-I2-(1 S-hydroxy-ethyl)-pyrimidin-4-yl]-2R.6S-dimethy|. 

piperazin-1 -yl}-pyrimidin-2-yl)-ethanol; (4-{4-I2-(1 R-hydraxy-ethyl}-pyrimidin-4ryl]. 

3R.5S-dlrnethyl-pipera2in-1 -yl}-pyrimidin-2-yI)-ethanone; 1 R-{4-[2R,6S-dimethyl-4-(2- 
5 moipholirv4-yI-pyrimidin-4-yl)-pipera2in-1 -yl]i)yrirnidin^ 1 R-(4-{2R.6S- 

dimethyl-4-I2K4-methyl-pipera2in-1-yl)-pyrimidirv4-yO-pipera^ 

ethanol; 1 R-{4-[2R.6S-dimethy W-(2-[1 ,2.4Itria20l-1 -yl-pyrimidin-4-yl)-piperazin-1 -yl]- 
' pyrimidiiv2-yI}-ethanol; 1 R-(4-{4-[2-(1 R-hydroxy-ethyl)-pyrimidirv-4-yl]-2R,6R-dimethyl- 

pipera2in-1-yl}-pyrimidin-2-yl)-ethano!; 1R-(4-{4-[2-{4-ethyl-pipera2in-1-yl)-pyrimidin-4- 
1 0 yn-2R,6S-dimethyl-piperazin-1 -yl}-pyrimidin-2-yl)-ethanol; 1 R-{4^2R,6S-dimethyl-4-[2- 

(4-^ethyi-imida2oI-1-ylH3yrimidin-4-yO-pipera2in-1-y!>^ and 1R- 

(4-{4-t2-(2,4Klimethyl-imida2o!-1-yl)-pyrimidin-4-yl]-2R,6SKjimethyl-piper^^ 

pyrimidin-2-yl)-ethanol. 

Another preferred compound within the Group HB is the compound wherein 
15 RMs (R)-1 -hydroxyethyl; R' is 

R' 

Me'** N ^Me 

' ;and 

R* is 2-(1R-hydro)cyethyl-pyrimid-4-y!. a prodrug thereof or a phannaceuticaliy 
acceptable salt of said compound or said prodrug. 

A preferred group of compounds within the Group HK, designated Group HN, 
20 are those compounds, prodmgs thereof and pharmaceutically acceptable salts of said 
compounds and said prodrugs, wherein R® is [1 .3,5]-tria2in-2-yl optionally substituted 
with up to two hydroxy. {C,-C4)a!kyl, (C3-C7)cycioalkyl. hydroxy-(Ci-C4)alkyl. (Ci- 
C4)alkoxy-{CrC4)alkyl, (Ct-C4)alkoxy, morphoiinyl or phenyl. 

A preferred compound vwthin the Group HN is the compound wherein R* is 4- 
25 morpholin-4-yl-[1 ,3,5]-triazin-2'yl. a prodaig thereof or a phamnaceuticaliy 
acceptable salt of said compound or said prodrug. 

Another prefen-ed compound within the Group HN is the compound wherein 
R' is 4-methoxy-6-methyl-[1 ,3,5]-triazin-2-yl, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 
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Another preferred compound within the Group HN is the compound wherein 
R« is 4.6-dimethoxy-[1 ,3,5]-tria2in-2-yl. a prodnjg thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

Another prefen-ed compound within the Group HN is the compound wherein 
5 is 4.phenyK1 .3.5]-triazin-2-yl. a prodrug thereof or a phamnaceutically 
acceptable salt of said compound or said prodaig. 

Another preferred compound within the Group HN is the compound wherein 
' R* is 4-cyclopropyK1 ,3.5]-tria2in-2-yl, a prodoig thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 
1 0 Another prefen-ed compound within the Group HN is the compound wherein 

R^ is 4,6-dimethyl-[1,3,5]-tria2in-2-yt, a prodrug thereof or a pharmaceutically 
acceptable sail of said compound or said prodrug. 

Another prefen-ed compound within the Group HN is the compound wherein 
R^ is 4-hydroxyrnethyl-6-phenyl-[1,3.5]-tria2in-2-yI. a prodmg thereof or a 
1 5 phannaceutically acceptable salt of said compound or said prodmg. 

Another prefen^d compound within the Group HN is the compound wherein 
R" is 4H7iethoxy-€-methoxymethyl-I1,3.5]-tfiazin-2-yl. a prodrug thereof or a 
pharmaceutJcally acceptable salt of said compound or said prodrug. 

Another prefen^ed compound within the Group HN is the compound wherein 
20 R^ is 4-methyKl ,3.5]-triazin-2-yI. a prodaig thereof or a pharmaceutically acceptable 
salt of said compound or said prodmg. 

Another prefeaed compound within the Group HN is the compound wherein 
R^ is 4-methoxymethyl-6-phenyl-t1,3,5]tria2in-2-yl, a prodmg thereof or a 
pharmaceutically acceptable salt of said compound- or said prodmg. 
25 Prefen-ed compounds within the Group HN are 1 R-{4-I2R,6S-dimethyl-4- 

(4-morpholin-4-yl-[1 ,3,5]triazin-2-yl)-piperazin-1 -yl]-pyr1midin-2-ylhethanol; 1 R-{4-[4- 
(4-methoxy-6-methyl-I1 ,3.5]triazin-2-yl)-2R,6S-dimethyl-pipera2in-1 -yIl-pyrimidin-2-yl}- 
ethanol; 1 Rr{4rr4r(4,6Hdirne.tho)cyr[1 ,3,5]tria2in-2-yl)-2R.6S-dimethyl-piperazln-1-yl]- 
pyrimidin-2-yl}-ethanol; 1 R-{4-[4-(4-cydopropyl-[1 .3.5]tria2in-2-yl}-2R,6S-dimethyl- 
30 piperazin-1 -yI]-pyrimidin-2-yI}-ethanol; 1 R-{4-I4-(4.6-dimethyK1 ,3,5)triazin-2-yl)- 

2R.6S-dimethyl-piperazin-1 -y!l-pyrimidin-2-yl]-ethanol; 1 R-{4-[4-{4-hydroxymethyl-6- 
phenyl-[1 .3,5]tria2in-2-yl}-2R.6S-dimethyl-piperazin-1 -yI]-pyrimidin-2-yI}*ethanol: 1 R- 
(4.[4-{4.methoxy-6-m§thoxymethyK1 .3.5]tria2in-2-yl)-2R,6S-dimethyl-pipera2in-1 -yl}- 
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pyrimidin-2-yI}-ethanol; 1 R-{4-[2R,6S-dimethyl-4-(4-methyK1 ,3,5]tria2in-2-yl)- 
piperazin-1 -yl]-pyrimidin-2-yl-ethanol: 1 R-{4-[4-(4-methoxymethyl'-6-phenyl- 
[1 .3.5]triazin-2-yl)-2R,6S-dimethyI-pipera2ir>1-yI]-pyrimidin-2-yl}-ethanol; and 1 R-^A- 
[2R.6S-dime%l-4-(4-phenyl-[1 ,3.5]tria2in-2-ylH3iperazin-1 -yQ-pyri^^ 

Another prefen'ed group of compounds >^in the Group HB, designated 
Group HO, are those compounds, prodrugs thereof and pharmaceuticaliy 
acceptable salts of said compounds or said prodrugs wherein: 

is (R}-1-hydroxy-ethy!; 
R'is 



10 ' ;and 

R® is pyrimidyl, quinoxalyl or oxazolopyridyl optionally substituted with up to two (Cr 
C4)aikyl, (C,-C4)aiko)cy or hydroxy-(CrC4)alkyl. 

A preferred compound within the Group HO is the compound wherein 
is 4-hydroxymethyl-6-methyl-pyrimid-2-yI, a prodojg thereof or a pharmkceuticaily 
1 5 acceptable salt of said compound or said prodnjg. 

Another preferred compound within the Group HO is the compound wherein 
R* is 2-hydroxymethyi-pyrimid-4-yl. a prodnjg thereof or a pharmaceuticaliy 
acceptable salt of said compound or said prodrug. 

Another prefen-ed compound vwthin the Group HO is the compound wherein 
20 R' is 2-hydroxymethyl-6-methyl-pyrimid-4-yi, a prodmg thereof or a pharmaceuticaliy 
acceptable salt of said compound or said prodrug. 

Another prefen*ed compound within the Group HO is the compound wherein 
R* is 2-(oxa20lo[5,4-b]pyridyl).a prodnjg thereof or a phamiaceutically acceptable salt 
of 'said compound or said prodoig. 
25 Another prefen-ed compound within the Group HO is the compound wherein 

R* is 2-(oxazoloI4,5-b]pyridyl, a prodmg thereof or a phamnaceutically acceptable salt 
of said compound or said prodrug. 
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Another preferred compound within the Group HO is the cxjrfipound wherein 
R* is 2-quinoxalyI, a prodrug thereof or a pharmaceutically acceptable salt of said 
compound or said prodrug. 

Preferred compounds within the Group HO are 1 R-{4-[4-(4- 
5 hydroxymethyl-6-methyl-pyrimidin-2-yl)-3S-methyl-pipera2irh1-yO-pyrin^^ 
ethanol; 1 R^4-[4-(2-hydro)cymethyl-pyrimidin-4-yl)-3S-methyl-plperaa 
pyrimidin-2-yl}-ethanol; 1 R-{4-[4-{2-hydroxymethyl-6-methyl-pyrimidin-4-yl}-3S- 
methyl-piperazin-l -yl]-py-rimidin-2-yl}-ethanol; 1 R-[4-(3S-methyl-4-oxa201o[5.4- 
b]pyridin-2-yl-piperazin-1 -yl}-pyrimidin-2-yl]-ethanol; 1 R-[4-(3S-methyl-4-oxazolo[4,5- 
1 0 b]pyridin-2-yl-piperazin-1 -yl}-pyrimidin-2-yl]«^thanol; and 1 R-[4-(3S-methyM- 
quinoxalin-2-yl-pipera2in-1-yl}-pyrimidin-2-yl]-ethanoI. 

Another preferred group of compounds within the Group HB, designated 
Group HP, are those compounds, prodrugs thereof and pharmaceutically 
acceptable salts of said compounds or said prodrugs wherein: 
15 RMs (R^1-hydroxy-ethyl: 
R'is 




;and 

R® is pyrimidyi optionally substituted with up to two (CrC4)alkyl, (CrC4)alkoxy, 
hydroxy-(Ci-C4)alkyl. 

20 A prefen-ed compound within the Group HP Is the conpound wherein R*' is 2- 

(1R-hydroxyethyl)-pyrimld-4-yI, a prodmg thereof or a phannaceutically acceptable 
' salt of said compound or said prodmg. 

A preferred compound within the Group HP is 1R-(444-[2-{1R-hydroxy-ethyl)- 
- - pyrimidin-4-yI]-2R-niethyl-piperazin-1 -yl}-pyrintidin-2-yl)-ethanol. 
25 Another preferred group of compounds within the Group HB, designated HQ, 

are those compounds, prodrugs thereof and phamiaceuttcally acceptable salts of 
said compounds or said prodaigs wherein: 
R^ is (R)-l-hydroxy-ethyl; 
R^is 
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;and 

is pyrimidyl optionally substituted with up to two (Ci-C4)alkyl, (C,-C4)alRoxy. 
. hydroxy-(Ci-C4)aikyL 

A preferred compound within the Group HQ is the compound wherein is 2- 
5 (1 R-hydroxyethyl)-pyrinrud-4-yl, a prodrug thereof or a pharmaceutically acceptable 
sait of said compound or said prodrug. 

An espedally prefen-ed compound within the Group HQ is {4-(4-[2-(1R- 
hydroxy-ethyl)-pyrimidin-4-yl]-2R,5S-dimethyl-piperazin-1-yl}-pyrimidin-2-yl)-€than 
Another preferred group of compounds within the Group HB, designated 
10 Group HR, are those compounds, prodrugs thereof and pharmaceutically acceptable 
salts of said compounds or said prodrugs wherein: 
R' is (S)-1-hydroxy-ethyl; 
RMs 

R* 




; and 

15 RMs pyrimidyl optionally substituted with up to two (C,-C4)allcyi, (CrC4)alkoxy or 

hydroxy-(C,-C4)alkyl. 

A preferred compound within the Group HR is the compound wherein R" is 2- 

{1R-hydroxy-ethyl)-pyrimid-4-yl. a prodrug thereof or a phamnaceutically acceptable 

salt of said compound or said prodnjg. 
20 An espedally prefen-ed compound within the Group HR is 1 S-{4-(4-[2-(1 

hydroxy-^thyl)-pyrimidin-4-yl]-2R,6SHjimethyl-pipera2in-1-yI}-pyrirnidin-2-/ 

Yet another preferred group of compounds within the Group HB. designated 

Group HS,»are those compounds, prodmgs thereof and phanmaceuticaUy acceptable 

salts of said compounds or said prodmgs wherein: 
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is acetyl; 
R'ls 




R' is pyrimidyi optionally substituted with up to two (CrC4)alkyl. (CrC4)alkoxy, acetyl 
5 or hydroxy-(Ci-C4)alkyl. 

A preferred compound within the Group HS is the compound wherein is 2- 
acetyl-pyrimid-4-yl. a prodrug thereof or a phannaceutically acceptable salt of said 
compound or said prodrug, 

A prefen-ed compound within the Group HS is the compound wherein R® is 2- 
10 (1 R-hydroxyethyl)-pyrimid^yl. a prodrug thereof or a phamnaceutically acceptable 
salt of said compound or said prodrug. 

Especially prefen^d compounds within the Group HS are 1-{4-[4-(2-acetyl- 
pyrimidin-4-yl)-2R*.6S*Klimethyl-pipera2in-1-yQ-pyrimidin-2-yl}-em^ or 1-{-4-{4. 
[2-(1 R-hydraxy-ethyl)-pyrimidin-4-yO-2R,6S-dimethyl-pipera2in-1 -yl}-pyrimidin-2-yl 
15 ethanone. 

A pharmaceutical composition, designated Composition A, comprising a 
compound of formula I, a prodmg thereof or a pharmaceutically acceptable salt of said 
compound or said prodrug and a pharmaceutically acceptable carrier or diluent 

A method of inhibiting sorbitol dehydrogenase in a mammal in need of such 
20 inhibition comprising administering to said mammal a sortjitol dehydrogenase 

inhibiting amount of a compound of formula I. a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodmg. 

A method of treating diabetes in a manvrai suffering from diabetes comprising 
administering to said mammal an effective amount of a compound of fomnula I. a 
25 prodrug thereof or a pharmaceutically acceptable salt of said compound or said 
prodmg. 

A method, designated Method A, of treating or preventing diabetic 
complications in a mammal comprising administering to said mammal an effective 
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amount of a compound of fbmiula I, a prodmg thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug. 

A metliod of Method A wherein said mammal is suffering from diabetes. 

A method of Method A wherein said diabetic complication is diabetic 
5 neuropathy. 

A method of Method A wherein said diabetic complication is diabetic 
nephropathy. 

A method of Method A wherein said diabetic complication is diabetic 
retinopathy. 

10 A method of Method A wherein said diabetic complication is foot ulcers. 

A method of Method A wherein said diabetic complication is a cardiovascular 
condition. 

A pharmaceutical composition, designated Composition B, comprising a 
compound of formula I, a prodrug thereof or a pharmaceutically acceptable salt of said 
1 5 compound or said prodmg and an aldose reductase inhibitor, a prodnjg thereof or a 
phannaceutically acceptable salt of said aldose reductase inhibitor or said prodrug, 

A composition of Composition B additionally comprising a phamiaceuticaljy 
acceptable earner or diluent 

A method of treating diabetes in a mammal suffering from diabetes comprising 
20 administering to said mammal an effective amount of a compound of formula I, a 
prodmg thereof or a pharmaceutically acceptable salt of said compound or said 
prodmg and an aldose reductase Inhibitor, a prodmg of said aldose reductase 
inhibitor or a pharmaceutically acceptable salt of said aldose reductase inhibitor or 
said prodmg. 

25 •** A method, designated Method B, of treating or preventing diabetic 

complications in a mammal comprising administering to said mammal an effective 
amount of a compound of fomnula I, a prodmg thereof or a phamiaceutically 
acceptable of said compound or said prodmg and an aldose reductase inhibitor, a 
prodmg of said aldose reductase inhibitor or a pharmaceutically acceptable salt of 
30 said aldose reductase inhibitor or said prodmg thereof. 

A method of Method B wherein said mammal is suffering from diabetes. 
A method of Method B wherein said diabetic complication is diabetic 
neuropathy. 
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A method of Method B wherein said diabetic complication is diabetic 
nephropathy. 

A method of Method B wherein said diabetic complication is diabetic 
retinopathy. 

5 A method of Method B wherein said diabetic complication is foot ulcers. , 

A method of Method B wherein said diabetic complication is a cardiovascular 
condition. 

A phannaceutical composition, designated Composition C, comprising a 
compound of formula I. a prodrug thereof or a pharmaceutically acceptable salt of said 
10 compound or said prodmg and a sodium hydrogen ion exchange (NHE-1) inhibitor, a 
prodrug of said NHE-1 inhibitor or a pharmaceutically acceptable salt of said NHE-1 
inhibitor or said prodrug thereof. 

A method, designated Method C, of treating Ischemia in a mammal suffering 
from ischemia comprising administering to said mammal an effective amount of a 
1 5 compound of claim 1 . a prodrug thereof or a pharmaceutically acceptable salt of said 
compound or said prodrug and a sodium hydrogen ion exchange (NHE-1 ) inhibitor, a 
prodmg of said NHE-1 inhibitor or a phamiaceutlcally acceptable salt of said NHE-1 
inhibitor or said prodrug. 

A method of Method C wherein said ischemia is perioperative myocardial 
20 ischemia. 

A nnethod of treating or preventing diabetic complications in a mammal, 
designated Method D, comprising administering to said mammal an effective amount 
of a compound of fonnula I. a prodrug thereof or a pharmaceutically acceptable salt of 
said compound or said prodrug and a sodium hydrogen ion exchange (NHE-1) 
25 inhibitor, a prodrug of said NHE-1 inhibitor or a phamraceutically acceptable salt of 
said NHE-1 inhibitor or said prodrug. 

A method of Metiiod D wherein said mammal is suffering from diabetes. 

A method of Method D wherein said diabetic complication is diabetic 
neuropathy. 

30 A method of Metiiod D wherein said diabetic complication is diabetic 

nephropathy. 

A method of Method D wherein said diabetic complication is diabetic 
retinopathy. 
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A method of Method D wherein said diabetic complication is foot ulcers. 
A method of Method D wherein said diabetic complication is a cardiovascular 
condition. 

A nnethod of treating diabetes in a mammal suffering from diabetes comprising 
5 administering to said mammal an effective amount of a compound of formula 1. a 
prodrug thereof or a phamnaceutically acceptable salt of said compound or said 
prodrug, and a sodium hydrogen ion exchange (NHE-1 } inhibitor, a prodrug of said 
NHE-1 inhibitor or a phamnaceutically acceptable salt of said NHE-1 inhibitor or said 
prodrug. 
10 A kit comprising: 

a. a compound of formula I, a prodrug thereof or a 
pharmaceuticaily acceptable salt of said compound or said prodrug in a first unit 
dosage fomri; 

b. an aldose reductase inhibitor, a prodrug thereof or a 

15 pharmaceuticaily acceptable salt of said prodrug or said aldose reductase inhibitor in 
a second unit dosage form; and 

c. a container. 
A kit comprising: 

a. a compound of formula I, a prodrug thereof or a 

20 pharmaceuticaily acceptable salt of said compound or said prodrug in a first unit 
dosage form; 

b. a sodium hydrogen Ion exchange (NHE-1 ) inhibitor, a prodrug 
thereof or a pharmaceuticaliy acceptable salt of said prodrug or said NHE-1 inhibitor 
in a second unit dosage fornn; and 

25 c. a container. 

A method, designated Method E, of inhibiting sorbitol dehydrogenase in a 
mammal in need thereof comprising administering to said mammal Composition A. 

A method of Method E wherein said ischemia is perioperative myocardial 
ischemia. - 

30 A method of treating ischemia in a mammal suffering from ischemia 

comprising administering to said mammal Composition C. 

A method, designated Method F, of treating or preventing diabetic 
complications in a mammal comprising adnninistering to said mammal Composition A. 
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A method of Method F wherein said mammal is suffering from diabetes. 

A method, designated Method G, of treating or preventing diabetic 
complications in a mammal comprising administering to said mammal Composition B. 

A method of Method G wherein said mammal is suffering from diabetes. 
5 A method, designated Method H, of treating or preventing diabetic 

complications in a mammal comprising administering to said mammal Composition C. 

A method of Method H wherein said mammal is suffering from diabetes. ■ 

A compound of fomiula I. a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodnjg, wherein: 
10 RMs C(OH)R*R^ where and R' are each independently hydrogen or methyl; 
R* is hydrogen; 



R* is 




or 



wherein said piperaziny! R^ is substituted by R^ R^ or R*; 
15 G, G' and G^ are taken separately and are each hydrogen and R^ is hydrogen or (C,- 
C4)alkyi; R^ and R" are each independently hydrogen or (Ci-C4)alkyl; or 
G and G' are taken together and are (CrC3)alkyiene and R*. R^, R" and G* are 
hydrogen; or 

G^ and G* are taken together and are (C,-C3)alkylene and R*. R^ R* and G are 
20 hydrogen; 
qlsOorl;, 

X is a covalent bond, oxycartDonyl.vinylenylcarbonyl, oxy(CrC4)alkylenylcarbonyI. 
thio(Ct-C4)aikylenyicartDonyl or vinyienyisulfonyl; said vinylenylcarbonyi and said 
vinylenylsulfonyl in the definition of X are optionally substituted on one or two vinyienyl 
25 carbons with (C,-C4)alkyl, benzyl or Ar, said oxy(CrC4)alkylenyicarbonyl and said 
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thio(CrC4)alkylenylcarbonyI in the definition of X are optionally substituted with up to 
two (C,-C4)alkyl. benzyl or Ar; 

R» is (C3-C7)cycloali<yl, Ar'-(Co-C4)aIkylenyi or (CrCfl)alkyl optionally substituted with 
up to five fluoro; 

5 Ar^ is phenyl, naphthyl, pyridyl. pyrimidyl. pyrazinyl, pyridazinyi, triazinyl, quinolyl. 
isoquinolyl, quinazoiyl, quinoxalyl. phthalazinyl, dnnolinyl, naphthyridinyl. pterldinyl, 
pyrazincpyrazinyl, pyrazinopyridazinyi, pyrimidopyridazinyl. pyrimidopyrimidyl, 
pyridopyrimidyl, pyridopyrazinyl, pyridopyridazinyl, pyrrolyl, furanyl, thienyl, imidazolyl, 
oxazolyl, thiazolyl, pyrazolyl, isoxazolyl, isothiazolyl, triazolyl, oxadiazoiyi, thiadiazoiyi, 

1 0 tetrazolyl, indolyl. benzofuranyl, benzothienyl, benzimidazolyl, benzoxazolyl. 

benzothiazolyl. indazolyl. benzisoxazoiyi, benzisothtazolyl. pynrolopyridyl, furopyridyl. 
thienopyridyl, innldazoiopyridyl, oxazoiopyridyl. thiazolopyridyi. pyrazolopyridyl, 
isoxazolopyridyl, isothiazolopyridyl, pyn-olopyrimidyl. furopyrimidyl. thienopyrimidyl, 
imidazolopyrimidyl, oxazolopyrimidyl, thiazoiopyrimidyl, pyrazolopyrimidyi, 

1 5 isoxazolopyrimidyl. isothiazolopyrimidyl, pyrrolopyrazinyl, furopyrazinyl, 
thienopyrazinyl, imidazolopyrazinyl, oxazolopyrazinyl, thiazolopyrazinyi, 
pyrazolopyrazinyi, isoxazolopyrazinyl, isothiazolopyrazinyl, pyrrolopyridazinyl, 
furopyridazinyl, thienopyridazinyi. imidazolopyridazinyl. oxazoiopyridazinyl. 
thiazolopyridazinyl. pyrazolopyridazinyl. isoxazolopyridazinyl or isothiazolopyridazinyl; 

20 and 

said V is optionally substituted as set forth above; 
kisO, 1.2,3or4: 

is a covalent bond, carbonyi, sulfonyl or oxycarbonyl; 
R*' is (C3-C7)cycioa!kyl. Af*-(Co-C4)alkylenyl. NR^^R*" or (C,-Cfl)alkyl optionally 
25 substituted with one to five fluoro; provided that when V is a covalent bond or 
oxycarbonyl, then R^ is not NR*'R**; 

R*^ and R^ are taken separately and are each independently selected from hydrogen, 
Ar^. (Ct-Cs)alkyl and Ar*-(Co-C4)a[kylenyl; or 

R^^ and R^ are taken together with the nitrogen atom to which they are attached to 
30 form azetidinyl. pyTrolidinyl, piperidinyl. piperazinyl, morpholinyl, azepinyl. 

azabicyclo[3.2.2]nonanyl. azabicycio[2.Z1]heptyl. 1 .2,3,4-tetrahydroisoquinolyI, 6.7- 
dihydro-5Hidibenzo[c,e]azepinyl or 5.6,7,8-tetrahydropyridoI4,3-d]pyrimfdyl; said 
azefa'dinyi in the definition of R^^ and R^ are optionally substituted with one hydroxy. 
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amino. hydroxy-(CrC,)alkyl. (CrC4)aIkoxy-(CrC,)alkyl, (CrC4)alkyl optionally 
substituted with up to five fluoro or (Cf C4)alkoxy optionally substituted with up to five 
fluoro; said pyrrolidinyl. piperidinyl and azepinyi in the definition of R^' and R** are 
optionally substituted with up to two hydroxy, amino. hydroxy-(C,-C4)alkyl, (C,- 
5 C4)alko)cy-{C,-C4)alkyl. (CrC4)aikyl optionally substituted with up to five fluoro or (Cf 
C4)alkoxy optionally substituted with up to five fluoro; said morpholinyl in the definition 
of R*^ and R^ is optionally substituted with up to two substituents independently 
selected from hydroxy-{C,-C4)alkyt. (C,-C4)alkoxy-(CrC,)alkyl, {CrC4)alkyl optionally 
substituted with up to five fluoro and (CrC4)alkoxy optionally substituted with up to five 

10 fluoro; said piperazinyl. 1 ^.3.4-tetrahydcoisoquinoIyl and 5.6.7.8-tetrahydro[4,3- 
dlpyrimidyl in the definition of R*^ and R** are optionally substituted with up to three 
hydroxy, amino, halo, hydroxy-(CrC4)alkyl. (Ci-C4)all<oxy-{CrC4)alkyl, (CrC4)alkyl 
optionally substituted vA\h up to five fluoro or (CrC4)alkoxy optionally substituted with 
up to five fluoro; and said 6,7-dihydro-5H-dibenzo[c,e]a2epinyl in the definition of R*^ 

1 5 and R^' are optionally substituted with up to four hydroxy, amino, halo, hydroxy-(Cr 
C4)alkyl. (C,-C4)alkoxy-(C,-C4)alkyl, {er-C4)alkyl optionally substituted with up to five 
fluoro or (C,-C4)alkoxy optionally substituted with up to five fluoro; 
Ar* is independently defined as set forth for Ar and Ar' above; 
At* is optionally independently substituted as set forth for Ar and Ar^ above. 

20 A compound selected from 1 R-{4-{1 -[2-(1 R-hydroxy^thyl)-pyrimidin^-yQ- 

[4.4]bipiperidinyl-1 -yl}-pyrimidin-2-yl)-ethanoI; furo[3,2-c]pyridin-2-yK4-[2-(1 R- 
hydroxy-€thyl)-pyrimidin^-yI]-3R,5S-dimethyl-pipera2in-1 -yl}-methanone; (4-ch!oro- 
furo[3,2-c]pyridin-2-ylH4-[2-{1R-hydroxy-ethylHDyrimidin-4-yI]-3R.5SKiimeth 
pipera2in-1-yI^methanone;{4-[2-(1R-hydroxy-ethyl)-pyrin™din^yi]-3R,5SK^ 

25 piperazin-1 -ylH4-pyrT0lldin-1 -yl-furoI3,2-clpyridin-2-yl)-methanone; {4-[2-(1 R-hydroxy- 
ethyl)-pyrirnidin-4-yl]-3R,5S-dimethy4)ipera2in-1-ylH4^^ 
clpyridin-2-yl)-methanone; {4-I2-{1 R-hydroxy-ethyl)-pyrimidin-4-yO-3R,5S-dlmethyl- 
piperazin-1-ylHmidazo[1,2-a]pyridin-2-yl-methanone; fijro[3^-c]pyridin-2-yK4-{2-{1R- 
hydroxy-efriyl}-pyrimidin-4-yO-2R,6SHjimethyl-pipera2in-1 -yl}-methanone; 4-[2-{1 R- 

30 hydroxy-ethyi)-pyrimidin^yQ-2R6S-dimethyl-pipera2ine-1 -carboxylic acid pyridin-3-yl 
esten 4-[2-{1 R-hydroxy-ethyi)-pyrimidin-4-yl]-2R,6S-dimethyl-pipera2ine-1 -carboxylic 
add 2-methyi-pyridin.3-yl ester. 4-[2-{1R-hydroxy-ethyl)-pyrimidln^yl]-2R,6S- 
dimethyl-piperazine-1- carboxylic add 5-chloro-pyridin-3-yl ester; 4-[2-(1R-hydroxy- 
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ethyl)-pyrimidin-4-yO-2R,6S-dimethyl-pipera2ine-1-carboxylic acid 6-methyl-pyridin-3- 
yl ester .(E>1 -{4-{2-{1 R-hydrDxy-ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl-pipera2in-1 -yl}- 
3-thiophen-2-yl-prDpenone; 1 R-{4-[4-(4,6-dimethyl-pyrimidin-2-yl)-3R.5S-dimeth>d- 
piperazin-1 -yl]-pyrimidin-2-yl}-ethanol: 1 R-{4-[4-(4-methoxymethyl-6-methyl-pyrimidin- 
2-yl)-3R,5S-dimethyl-piperazin-1 -yO-pyrimidin-2-yl}-ethanol; 1 R-{4-[4-(4- 

hydroxymethyl-6-memyl-pyrimidin-2-yl)-3R.5S-dimethyl-piperazin-1-yl]-pyrimidin-2-yl}- 
ethanol; 1 R-(4-{3R.5S-dimethyl-4-[2-(4-methyl-piperazin-1 -yl)-pyrimidin-4-yl]- 
pipera2in-1-yl}-pyrimidin-2-yl)-ethanol; 1R-(4-{4-[2-(4-ethyl-piperazin-1-yl)-pyrimidin-4- 
yfl-3R,5SMlimethyl-pipera2Sn-1.yl}-pyrimidin.2-yl)-ethanol; 1 R-(4-{3R.5S-dimethyl-4.[2- 
(4-methyl-irnida2ol-1-yl)-pyrimidin-4-yO-pipera2in-1-yl}-pyrimidlrv2-yl)-e 1 Rr{4. 
{3R,5S-dimethyl-4-I2-(2-methyl-jmidazol-1-yl)-pyrimidin-4-yl]-piperazin-1-yt}^ 
2-yl)-ethanol; 1 R-{4K4-[2-(2.4-dimethyl-imidazol-1-yl)-pyrirnidin-4-yO-3R.5S-dimethyJ- 
piperazin-1-yl}-pyrifnidin-2-yl)-ethanol; 1R-(4-{4-[2-(4-isopropyl-pipera2in-1.yl)- 
pyrimidin-4-yl]-3R,5S-dimethyl-pipera2in-1 -yI}-pyrimidin-2-yl)-€thanol; 1 R-(4-{3R,5S- 
dimethyl-4-[4-methyl-6-(4-methyl-piperazin-1 -ylHI ,3.5]triazin-2-yQ-pipera2in-1 -yl}- 
pyrimidin-2-yl)-ethanol; 1 R-{4-t4-(4-methoxy-6-methyK1 .3.5]triazin.2-yi)-3R.5S- 
dimethyl-piperazin-1 -yl]-pyrimidin-2-yl}-ethanol; 1 R-{4-[4-{4.6Hiimethoxy-[1 ,3,5]tria2in- 
2-^)-3R.5S-dimethyl-piperazin-1 -yl]-pyrimidin-2-yl}-ethanol; 1 R-{4-{4-{4-ethoxy-6- 
methyl-{1 .3,5]triazin-2-yl)-3R,5S-dimethyl-piperazin-1-yO-pyrimidin-2-yl}-ethanol; 1R- 
{4-[4-{4.isopropoxy-6-methyl-[1 ,3.5]triazin-2-yl)-3R,5S-dimethyl-pipera2in-1 -yl}- 
pyrimidin-2-yl}-€thanol; 1R-{4-[3R,5S-dimethyl-4-(4-phenyK1 ,3,5]tria2in-2-y!)- 
pipera2in-1.yl]-pyrimidin.2-yl)-ethanol; 1 R-{4-{4-{4-hydroxymethylr6-methoxy- 
[1.3,5]triazin-2-yl)-3R,5S-dimethyl-pipera2in-1-yl}-pyrimidin-2-yl)-ethanol; 1R-{4-[4^4- 
isoprapoxy-6-methoxy-[1.3,5]tria2in-2-yl)-3R.5S-dimethyl-piperazin-1-yl]-pyrimidin-2- 
yl}-ethanol; 1R-{4-[4-{4Hsoprapyl-[1,3,5)triazin-2-yl)-3R,5S-dimethyl-piperaan-1-yl]- 
pyrimidin-2-yl}-ethanoi; 1 R-{4-{4.(4-ethyl-6-methoxy-[1 ,3,5]triazin-2-yl)-3R.5S- 
dimethyl-piperazin-1 -yn-pyrimidin-2-yl}^thanol; 1 R-{4-{4-(4,6-dimethyl.pyrimidin-2-yl>- 
2R,6S^limethyl-piperazin-1-yl]- pyrimidin-2-yl}-ethanol; 1R-{4-I4-(4.hydroxymethyl-6- 
methyl-pyrimidin-2-yl)-2R,6S-dimethyl-pipera2in-1-yq-pyrimidin-2-yl)-eth^ 1R-{4- 
(2R,6S-dinTOthyM-(4-[U,4]triazol-1-yl-pyrimldin.2-yl)-pipera2in-1-yl]-pyrimidin^ 
ettwnol; 1 R44-[4-{2,6-dimethyl-pyrirnidin-4-yl)-2R,6S-dimethy|-piperazin-1-yl]. 
pyrimidin-2-yl}-ethanol; 1 R-(444.[2-{1R-hydroxy-ethyl)-pyrimidin-4-y|l-2R.€S-dimethyl- 
piperazin-1-yl}-pyrimidin-2-yl)-ethanol: 1 R-{4-{4-{2-hydroxymethyl-6-methyl-pyrimldin- 
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4-yl)-2R,6S-dimethyl-piperazin-1-yl]-pyrimidin-2-yl}-ethanol; 1R-(4-{4-[2-(1S-hydroxy- 
elhyl}-pyrimidin-4-yl]-2R.6S-dimethyl-pipera2in-1-yI}-pyrimidin-2-yI^ 1S-(4-{4- 
[2-{ 1 R-hydroxy-^thyI)-pyrimidin-4-yl>2R,6S-dimethyl-piperazin-1 -yl}-pyri 
ethanol; 1 -(4-{4-{2-acetyl-pyrimidin-4-yl)-2R,6S-dimethyI-piperazin-1 -yO-pyrimidin-2- 
yl}-ethanone; 1 RS-{4-{4-[2-(1 RS-hydroxy-ethyl)-pyrimidin-4-yl]-2R,6S-dimethyl- 
piperazin-l -yl}-pyrimidin-2-yl)-ethanol; (4-{4-[2-(1 R-hydroxy-ethyl)-pyrinnidin-4-yI]. 
3R,5S<limelhyl-piperazin-1-yl)-pyrimldin-2-yl)-ethanone; 1R-{4-t2R,6S-dimethyl-4-(2- 
morphoIin-4-yl-pyrimidin-4-yl)-piperazln-1-yOi5yrin™ 1 R-(4-{2R.6S- 

dimethyl-4-[2-{4-methyl-piperazin-1 -yl)-pyrimldin-4-yI]-pjperazin-1 -yl}-pyrimidin-2-yl)- 
ethanol; 1RK4^2R.6S-dimethyl-4.(2^i;2.4]tria2ol-1-yli3yrimidi^^ 
pyrimidin-2-yI>^thanol; 1 RK4^4-[2-{1 R-hydraxy-elhyl)-pyrimidin^yO-2R,6R-dimeth^^ 
piperazin-1-ylhpyrimidin-2-yl)-emanol;1R-(444^2-{4-ethyl-p^ 

yO-2R.6S-dimethyl-pipera2in-1.yI}-pyrimidln-2-yI)-elhanoI; 1R-(4-{2R.6S-<iimethyM^2- 
(4-^ethyl-irnida20l-1-yl)-pyrirnidin-4-yQiDipera2in-1-yl^pyrimid^ 1 R^4- 

{4-[2-(2.4-dimethyl-imida20l-1 -yi)-pyrimidirv4.yO-2R,6SKJimethyI-pipera2in-1 -yl}- 
pyrimidin-2-yl)-ethanol; 1 R-{4-[2R.6S-dimethyl-4-{4Hmorpholin-4-y!-[1 ,3.5]triazin.2-yl). 
pipera2in-1-yl]-pyrimidin-2-yI}-ethanol; 1R-{4-[4-(4-methoxy-6-methyl-I1 ,3,5]triazin-2-: 
yl)-2R.6S<limethyI-piperazin-1-yO-pyrimidin-2-yl}^ft^^ 1R-{4-{4-(4.6-dimethoxy- 
[1 ,3,5]triazin-2-yl).2R3 S-dimethyl-pipera2in-1-yO-pyrimidirv2-yI}-ett^ 1 R-{4- 
[2R,6SKiimethyl-4-(4iDhenyl-[1,3,5]triazin-2-yl>pipera2in.1.yQ-^^^ 
1R-{4.{4-(4-hydroxym8thyI-6-methyl-pyrimidirh2-yl}-3S-methyl-piperazi 
pyrimidin-2-yl}-€thanol; 1 R-{4-{4-(2-hydroxymethyl-pyrimidin-4-yl)-3S-methyl- 
pipera2in-1 -yl]-pyrimidin-2-yi}-ethanoI; 1 R-{4-[4-(2-hydroxymethyl-6-methyl-pyrimidin- 
4-yl}-3S-methyl-pipera2in-1 -yO-py-rimidin-2-y!}-etiiano!; 1 R-[4-{3S-methyl-4- 
oxazolo[5,4-b]pyridin-2-yl-pipera2in-1 -yl}-pyrimidin-2-yI]-ethanol; 1 R-{4-(3S-methyt-4- 
oxazolo[4,5-b]pyridin-2-yl-piperazin-1 -yl)-pyrimidin-2-yI]-€thanof; 1 R-[4-(3S-methyl-4- 
quinoxalin-2-yl-piperazin.1.yl)-pyrimidin-2-yI]-ethanol; (444-t2-(1 R-hydroxy-ethyl). 
pyrimidin-4-yO-2R,5S-dimethyl-pipera2iri-1-yrH)yrimidirv.2-^ 1 R-{4-[4^4.6- 

dimethyl-[1 J3,5]tria2in-2-yl).3R.5S-dimethyli3iperazin-1-yl].pyrimid 1R. 
{4-[3R,5S<limethyl-4-{4-methyl-6-phenyK1 ,3.5]tria2in-2-yl)-pipera2in-1 -yl]pyrimidin-2- 
yl}-ethanol; 1 R-{4-I4-(4-cydopropyK1 ,3,5]triazin-2-ryl)-3R.5S-dimethyl-piperazin-1-yi]- 
pyrimidin-2-yl)-ethanol; 1 R-{4-[4-{4-cyclopropy41 ,3.5]tria2in-2-y!}-2R,6S^imethyf- 
piperazin-1 -yl]-pyrimidin-2-yl}-ethanol; 1 R-{4-[4.{4,6-dimethyl-[1 .3.5]triazin-2-yl)- 
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2R,6S-dimethyi-piperazin-1 -yl]-pyrimidin-2-ylHthanol; 1 R-{4-[4-(4-hydroxymethyl-6- 
phenyKI .3,5]triazirv2-yl}-2R,6S-dimethyI-piperazin- 1 -y l]-pyrimidin-2-yl}-ethano!; 1 R- 
(4^4-(4-nnethoxy-6-methoxymethyI-[1 ,3.5]triaziiv2-yl)-2R.6S-dlmethyl-pipera2in-1 -ylj- 
pyrimidin.2-yl}-€thanol; 1 R-{4-(2a6S-dimethyl^{4-methyl-[1 .3.5]tria2in-2-yl)- 
5 piperazin-1 .yO-pyrimidirh2-yl-ethanol; 1 -{4-[4-(2-acetyl-pyrimidin^yl)-2R*.6S*- 
dimethyl-pipera2in-1-yi]-pyrimidin-2-yl}-€thanone; 1-(^4-[2-{1 R-hydroxy-ethyl)- 
pyrimidin-4-yO-2R,6S<limethyI-pipera2in-1-yl}-pyrimidin-2-yl)-etf^^ 1 R-{4-[4-(4- 
methoxymethyl-6-phenyK1 ,3,5J-triazin-2-yl)-2R.6S-dimethyl-piperazin-1 -yO-pyrimidin- 
2-yI}-ethanol; and 1S-(4K4K2K1R-hydrbxy-€thyl)-pyrimidin-4-yl]-2R.6S<lime 
1 0 piperazin-1-yl}-pyrimidin-2-yI)-€thanoL 
A compound of the formuia 1^ 




I* 



wherein: 

15 RMs C-(OR~)R*R^ where R~ is independently (CrC4)a!kyl, benzyl, (C,- 

C6)a!kylcarbonyl or phenylcarbonyl, where said benzyi and said phenyl are optionally 
substituted with up to three (Ct-C4)alkyl, (CrC4)alkoxy. halo or nitro; 
R^ and R^ are each independently hydrogen, methyl, ettiyl or hydroxy-(CrC3)aikyt; 
R2 is hydrogen, (CrC4)alkyl or (CrC«)alkoxy: 

20 R^ is a radical of the fonnula 
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wherein said radical of formula is substituted by R', R^ and R*: 
said radical of formula R* is substituted by R", R" and R^: 
G. and G^ are taken separately and are each hydrogen and R® is hydrogen. (Cr 
5 C4)aikyl. (CrC4)a!koxycarbonyl. (C,-C0a!koxy-(CrC4)alkyl, hydroxy-(CrC4)alkyl or 
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(C,-C4)alkyl, (Ct-C4)alkoxy-{CrC4)alkyi, (C,-C4)alkyl or (CrC4)aIkoxy, wherein said 
(Ct-C4)a!kyl in the definition of R* and said (CrC4)alkoxy in the definition of R'are 
optionally and independentiy substituted witii up to five fluoro; R^ and R' are each 
1 0 Independentiy hydrogen or (CrC4)alkyl; or 

G and are taken togettier and are (CrC3)alkylene and R", R'. R* and G* are 
hydrogen; or 

G' and G^ are taken together and are (C,-C3)alkylene and R*. R^ R' and G are 
hydrogen; 
15 qisOorl; 

X is a covalent bond, -{C=NR^^)-, oxycarbonyl. vinylenyicarbonyl, oxyCC^- 
C4)alkylenyicarbony!. {CrC4)alkylenyicarbonyl, (C3-C4)aIkenyicart)onyi. thio(Cr 
C4)alkyienylcari3onyt, vinylenylsulfonyl, su!finyl-(Ct-C4}alkylenylcarbonyl, suifonyKC,- 
C4)alkyienylcarbonyl or carbonyl(Co-C4)alkylenylcarbonyl; wherein said oxy(Ci- 

20 C4)alkylenyicarbonyl. (CrC4)aIkylenylcarbonyl. (C3-C4)alkenyicarbonyl and tiiio(Ct- 
C4)alkylenylcart}onyl in ttie definition of X are each optionally and independentiy 
substi'tuted with up to two (CrC4)alkyl, benzyl or An said vinylenylsulfonyl and said 
vinylenyicarbonyl in the definition of X are optionally substituted independentiy on one 
or two vinyienyl carbons witii (CrC4)alky!. benzyl or Ar. and said carbonyl(Co- 

25 C4)aIkylenylcarbonyl In ttie definition of X is optionally substituted indepedentiy witti up 
to tiiree (C,-C4)alkyl, benzyl or An 
R^** is hydrogen or (CrC4)alkyi; 

R* is (C3-C7)cycloalkyl. Ar^-(Co-C3)alkylenyl or {C,-Ca)alkyl optionally substituted witti 
up to five fluoro; provided tiiat when q = 0 and X is a covalent bond, oxycarbonyl or 
30 (CrC4)alkylenylcarbonyl, ttien R* is not {CrCft)alkyl; 

At and Ar^ are independentiy a fully saturated, partially saturated or fully unsaturated 
five- to eight-membered ring optionally having up to four heteroatoms selected 
independentiy from oxygen, sulfur and nitrogen, or a bicydic ring consisting of two 
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fused independently partially saturated, fully saturated or fully unsaturated five- to 
seven-membered rings, taken independently, optionally having up to four heteroatoms 
selected independentty from nitn^gen. sulfur and oxygen, or a tricyclic ring consisting 
of three fused independently partially saturated, fully saturated or fully unsaturated five 
to seven membered rings, taken independently, optionally having up to four 
heteroatoms selected independently from nitrogen, sulfur and oxygen, said partrally 
saturated, fully saturated ring or fully unsaturated monocyclic ring, bicydtc ring or 
tricyclic ring optionally having one or t«o oxo groups substituted on cart»n or one or 
two oxo groups substituted on sulfur, 

Ar and Ar' are optionally independently substituted on carbon or nitrogen, on one ring 
if the moiety is monocydic. on one or both rings if the moiety Is bicydic. or on one. two 
or three rings If the moiety is tricydic. with up to a total of four substituents 
independently seleded from R". R« R« and R- wherein R". R". R^' and R- are 
each taken separately and are each independently halo, fomiyl. (C,- 
15 C6)alkoxycarfaonyl. (C,-C,)alkylenyloxycarbonyl, (C,-C4)alkoxy-(C,-C.)alkyl. 
C(OH)R«R". naphthyl, phenyl, imidazolyl. pyridyl. triazolyl. morphoiinyl, (Cj- 
Oalkylsulfamoyl. N-(Co-C,)alkylcarbamoyl. N.N.di-{C,-C,)alkylcartJamoyl. N- 
phenylcafbamoyl. N-(C,-C4)alkyl-N-phenyicafbamoyt. N.N-diphenyl carbamoyl. (C,- 
Oalkylcarbonylamido. (CrC7)cydoalkylca.tonylamido. phenylcarbonylamido. 
20 piperidinyl. pyrrolidinyl. piperazinyl. cyano. benzimidazolyl.. amino, anilino. pyrimidyl. 
oxazolyl. isoxazolyl. tetrazolyl. thienyl. thiazolyl. benzothiazolyl. pymjiyl. pyrazolyl. 
tetrahydroquinolyl. tetrahydroisoquinolyl. benzoxazolyl. pyridazinyl. pyridyloxy. 
pyridylsulfanyl. fur^nyl. 8-(C,-C.)alkyl-3.8-diaza(3.2.1]bicydooctyl, 3.5-dioxo-1 .2.4- 
triazinyl. phenoxy. thiophenoxy. (C,-C,)alkylsulfanyl, (C,-C,)alkylsuifonyl. (C,- 
Ocydoalkyl. (C,-C,)alkyl optionally substituted with up to five fluoro or (C,-C4)alkoxy 
optionally substituted with up to five fluoro; said naphthyl. phenyl, pyridyl. piperidinyl. 
benzimidazolyl. pyrimidyl. thienyl. benzothiazolyl. pyrrolyl. tetrahydroquinolyl. 
" " tetrahydroisoquinoVl. benzoxazolyl. pyridazinyl. pyridyloxy. pyridylsulfanyl. fiiranyf. 
thiophenoxy. anilino and phenoxy in the definition of R". R« R" and R" are 
30 optionally substituted with up to three substituents independently seleded from 

hydroxy, halo. hydroxy-(C,-C,)alkyl. (C,.C.)alkoxy-(C,.C.)alkyl. (C,-C.)alkyl optionally 
substituted with up to five fluoro and {C,-COalkoxy optionally substituted wHh up to five 
fluoro: said imidazolyl. oxazolyl. isoxazolyl. thiazolyl and pyrazolyl in the definition of 



25 



wo 00/59510 



PCT/IBOO/00296 



-52- 



p.i R« and R'* are optionally substituted with up to two substituents 
:depenlyselectedf..bvd....a.o.Mro.^^^^^^^^ 
C )alkyl (C.-C.)alM optionally substituted with up to five fluoro and (C,-C.)aIkoxy 
Xa" substitIv.thuptof^fluo.;s.dn«rphoUn,^ 
5 R«R»LR'Msop«ona.,substi^ted^mupto..osubs.U.e^^^^^ 

selected from (C,-C.)alkyl: said pyrrolidinyl in the definiton of R . R . R and R 
:r^vll.tLtedv.^upto^.osubstituentsindependent^ 

ru7^fileflLand(C,-C,)a.oxy optional, subs^^ted^thupto^fi^^^^^^ 
,0 lelnylinthedefinitionofR^ r". R« and R'Ms optionally substituted up to 
leTubLentsindependentiyselectedfromtC^^^^^^^^ 

(C,-C3)alk^. Phen^. pyHdyl. (Co-C.)al^.su«.mo^. (^C.)^^' "^"f^^^,, 
wiL tof.e fluoro and (C,-C.)^koxy optionally substi^.^«> up to^^^^^^^^^^ 

triazolyl in the definition of R'\ R« R« and R- is optionally substituted v.th hydroxy. 

15 halohydroxy.(C,.C.)alM.(CrC.)a!koxyHCrC.)allcyl.(^^^^^ 

1 5 naio. nyaru;qr v *' ' . .. optionally substituted with up to five 

substituted wltti up to five fluoro and (C,-C4)aiKoxy opuon«. y ^ , ^ 

TuL. said te^^in me definition ofR^R'^R«andR-.optionanysubsti^^^ 

with hydroxy-(C-C)aM or (C,-COalM optionally substituted witi. up to five fluoro. 
and said phenyl and pyridyl which are optionally substituted on plper^nenm^^ 
20 defi^itionofR^R'^R"andR''a^eoptionallysubstitutedv«thuptothreeW 

halohydroxy-(C,-C.)alkyl.(C,-COalkoxyHCrC.)all^.(Ci-CO^ 

naio. nyaroxy v 4^ optionally substituted with up to five 

substituted witti up to five fluoro and (C,-c«)aiKoxy op»u j 

fluoro; or 

R" and R« are taken togettier on adjacent carbon atoms and are 
25 .CH,OC(CH3)PCH.or-0-(CH^,-0-.andR"andR'^a,Btakenseparate.^ 

each independentiy hydrogen or (C,-C4)alkyl; 

R« and R«'are taken separately and are each independentiy hydrogen. i^rC.)ai^ 
optiona«y substituted v^ti, up to five fluoro; or R« and R" are taken separate^r and R 
30 is hydrogen and R" is (C-Ce)cydoalkyl. hydroxy-(C,-C,)alkyl. phenyl, pyndyl. 
pyrimidyl. thienyl. furanyl. thiazolyl. oxazolyl. imidazolyl. benzott^lazolyl or 
benzoxazolyl; or R« and R- are taken togetiier and are (C-C.)alkylene; 
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. . are each hvdrogen; r is 0; R" is hydrogen, 
f5> G* and G* are talcen separately and are eacn nyaroy 

G.G"ana« „ /r c taikoxv-(C,-C4)alkyl. hydro)cy-(C,-C4)alkyl or 

rr c ^allcvl (C-C.^alkoxycarbonyl, (C,-C4)aiKoxy ^ . ^ ^ ^, 

/(• cialtod (C,-C.)alkoxy-(C,-C,la«<yl.(C,-c.)aiKyii»i-i " 

(C-cjaiicyi. lo, ^,.iHir ciaBaKylnmedeimitloiiotR'are 

lp;=™Wand,ndependen«,sub*W^«upB«v..uom;andB « 

IpLLylnd ,ndepe.den.y s^st^d «im up fuoro; and R" and R « 
ea* independenay hydrogen or (C,-C,)alkyl; or ^ 
,5 G'andG'aretal<entogaO»randare(C,^.)aM=ne:'=0'"1.''^'' ^ 

::r^rrn»,a.aranda.,C,.C^Me.«;r.0cr1;andR..R».R-and 

SC!''r= a« «^ separately and a. ea* Wepe„de..y select from hydrogen. 

(C C lalld (C-Ctodoalkyl and V^C-Walkytenyl; or 
'^^^are.^^»,e«er,.^meni«.eha»n,»v*tchmeyaraa«a*ed.o 

2S form azeUdmyl. pym-kilnyl. P»=ehdinyl. pipera*,!. rrorpWlnyUzepW. 
azab.oyciop.i2Inonanyl. azabi=ydolZ2.11h.pt/t. ej^M-o-SH- 

^I<=,lazepln^.'.2.3,4^-'==^"='^'^>^»'*>^'°^^^ 
d^^Jdy, :sa,d aze W . de«^ CR" and R= . op«=na»y -««.d 
uilndenllyvrthcnasutettt^ntselaotedfrornhydroxy.amn^^ 

:^n^lup.o«™suba«aen«Wependan*se,acted»on,hydroxy. 
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«-.««iKi ei ih<!fituted with up to five fluoro; said 1 u-ioum / 

r«oIysubsm;tedw«hup»fh«.uoroand(C.^Oa«c«yop«=n,IVsub^ 

::tr«ve«u=™;,,-»«6.7^«,d,.5H^l«l-p.n>^^«'=*«™^°' 
and R= 13 op«onany subs«ut«. w«h up « four sub,«tuenB Wepsnd«>«y 

^^opL%subs«u.d*up.»ve»uo.and,C,-C.a.o^op-^^ 
l„J^«*upB«««uo«;s^pynmld^.Py«V'-^'=^='^_^«**=J^^^^ 

,„ ls«uted w«h up to three substltuants selected from hydroxy, am«. hydroxy^C, 

<;^xr,c:^«,^.,aM. ,c,-c,aMop«».^~— 

,uoro and (C,J:.)alko>cy opUonally aubstltuled ««h up to fiye Suoro; 

A>"ls independently defined as setforth for Arand Ar- above; 

«;^tsop«r^^.ndepende^-bs««daa.«.o«hfo,ArandAr-ab»^^^ 

25 R= .3 GONR " _ s,3i«nen At= Is phenyl, naphthyl 

C.laKylenylandR'isAr'KO.-WalKylenyi.prov ,.j„hh»1s 

^'l, hydrogan. (C,<:,)aW. (C,-C.)a.koxyc3,bonyl. (C,-C.)atoxyKC,-C.)a»yl 
30 L^(r-C.^l^cr,*eny,opUona,^lndependen,,ysuhs^t* 

r««<oxy «he,aln said (C,-0.)aM In the delin»an of R- and aaui (C^,^ In 
^IZ^^R'areop^.n^yandindap^-an^-bs^^d^up.o.^^. 
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AP is independently defined as set forth lor Ar and Ar' above; 

^d/i. is op«ona.,y independency subs^tuted as setfo^tbrArand AT. a^^^^ 

R*' is hydrogen or (C,-C4)alkyl; 

R» and V are «ch Independent hydmgen, hydroxy, halo. hydrcxy^C.^C )alKy,. 
5 (C -C )alkoxyKC,<;,).W. (C<;.)*kyl optionally «ibstMed »«h up to five fluoro (C,- 

taanyl. thiazolyl. oxazolyl, phanoxy. th,ophenoxy, SO,NR « ■ ^" 

s*«er^py^y..*«n^.«--^=^°«-'^^'«;/"tLfc"tlr 
ap^onany substtuted by up to .»o hydroxy, halo. *'>^'-^<^'f^ff^ 

,0 (U W. (C.-<=<)=«<VI optional substituted up to «uom or (C^Jelkoxy 

optionally substiluted »ith up to fr« nuoro; eald phenyl, pytdyl ph»»xy »Kl 

Wopnenoxy In the deHnltlon of f^- and R- are optionally substitut«l by up to .hra. 

hydlxy.hl.hydn,xy^C,.C.W.(C.-CWC.^-''»^-<=.^>^°^^ 
» « «!..«,« or /r-CtalkoxvoDtionanysubsbtuted With up to live 
substituted v/ith up to five fluoro or (C,-04jau«'xy opuuimiiy 



15 fluoro; 



20 



25 



30 



R« and are each independently hydrogen. (C,.C.)allcy». (C-C)cycioalkyl or 
phenyl, said phenyl is optionally subsUtuted with up to three hydroxy, halo, hydroxy- 
(C-Oalkyl. (C,-C.)alkoxy.(C,-C.)alkyl. (C,.C.)alicyl optionally substituted w,th up to 
five fluoro or (C,-C.)alkoxy optionally substituted with up to five fluoro; or 
R« and R- are taken together with the nitrogen to which they are attached to form 
indolinyl. pyrrolidinyl. piperidinyl. piperazinyl or morpholinyt; said pyrroUd.nyl and 
pipsridinyl in the defnition of R» and are optionally substituted with up to two 
hydroxy, amino. hydroxy-(CrCJalkyl.(C,-C.)alkoxy-(C.-C.)alkyl.(C,^^^^^ 

optionally substituted with up to five fluoro or (C,-C.)alkoxy optionally substtuted w,th 
uptofivefluoro;saidlndolinylandpiperazinyllnthedefinitionofR«andR are 

optionally substituted with up to three hydroxy, amino. hydroxy-(C,-C.)alkyl. (C,- 
COalkoxy-(C,-C.)alM. (C,-C.)alkoxycart,onyl. (C,-C.)alkyl optionally substituted w.th 
up to fivefluorc or (C,-C.)alkoxy optionally substituted with up to five fluoro; sa.d 
morphonnyl in the definition of R- and R'' is optionally substituted wrth up to t«o 
substituents independently selected from hydroxy-(C,-C.)alkyl. (C,-C.)alkoxyKC,- 
Oalkyl. (C,-C,)a!l<yl optionally substituted with up to five fluoro and (C,-C.)alkoxy 
optionally substituted with up to five fluoro; 

A is N optional^ substituted with hydrogen or (C,-C.)allcyl and B is carbonyl; or 
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A is carbonyl and B is N optionally substituted with hydrogen or (CrC,)alkyl; 
R« is hydrogen or (CrCJallcyl; 

R« is phenyl, pyridyl. pyrimidyl. thiazolyl. oxazdyl. benzyl, quinolyl. isoquinolj^ 
phthaBzmyl. qulnoxanlyl. benzothlazoyl. benzoxazotyl. benzofuranyl or benzoth.enyi: 
5 said phenyl, pyridyl. pyrimidyl. thiazolyl. oxazolyl. benzyl, quinolyl. isoquinolyl. 

phthalizlnyl. qulnoxanlyl. benzothlazoyl. benzoxazolyl. benzofuran^ and benzoth.enyi 
in the definition of R« are optionally substituted with up to three phenyl. P^^enoxy 
NR«R». halo, hydroxy. hydmxy-(C,-COalkyl. (C,-C.)alkoxy-(C,-C.)alkyt. (C-Oalky^ 
optionally substituted with up to f.ve fluoro or (C,-C.)alkoxy optionally substituted with 

10 up to five fluoro; ^ j 

R« and R» are each independently hydrogen. (C,-C. alkyl). phenyl or phenylsulfbnyl; 
saidphenylandphenylsulfonyllnthedefinitionofR-andR»areoptionally 

substituted with up to thr^e halo, hydroxy. (C,.C.)alkyl optionally substituted w,th up to 

five fluoro or {CrC.)alkoxy optionally substituted with up to five fluoro; 

15 DisCO.CHOHorCHj: 

EteO.NHorS; 

R» and are taken separately and are each independently hydrogen, halo, cyano. 
hydroxy, amino. (C,-C.)alkylamino. dKC,-Ce)alkyiamino. pyrrolidine, pipend.no. 
morpholino. (C,.C.)alkoxy-(CrCOaIkyl. hydroxy-(C,-C.)alkyl. Ar^. (C,-C.)alkyl 
optionally substituted with up to five fluoro or (C,-C.)alkoxy optionally substituted w,th 



20 



25 



up to five fluoro; 

R" R" and R"* are each independently hydrogen or (C,-C4)-alkyl; 
Af-'is phenyl, furanyl. thienyl. pyridyl. pyrimidyl. pyrazlnyl or pyridazlnyl; said Ar^ being 
optionally substituted with up to three hydroxy. (C,-C,)alkoxyKC,-C.)alkyt. halo. 
hydroxy-{C,-C4)alkyl. (C,-C.)alkyl optionally substituted with up to five fluoro or (C- 
C4)alkoxy optionally substituted with up to five fluoro; or 
R« and R" are taken together on adjacent carbon atoms and are -(HCH^-O-; 

tls1.2.or3; 
Y is (C:-C,)alkylene; 
30 R" R*' and R" are each independently hydrogen or {C,-C4)alkyl; 

m and n are each Independently 1 , 2 or 3. provided that the sum of m and n Is 2, 3 or 

4: 

kls0.1.2.3or4; 
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is a covalent bond, carbonyl. sutfonyl or oxycarbony); 

amro. =f 'T *' /wtoy optionally substituted with up to live 

substituted *ith up to five nuore or (CrC.)alKoxyop» > « 

.u^saidpy^l.dW.^erldinWa.-a.oPln^^^'-^"™'";;';^ ^"J^^ 
5 opuor^ny subetituW «lth up to Wo amino. hydroxy-<C,-0, al^. (C,- 

™-(C,.C,).li<yl. (C-Oalicyl optionally substituted v.th up to live (iuoro or (C. 
~ op^.^1*/ su^sStuted * up to «ve .u»o; said morphoiinyl in me de«^ 
!, R« o,»iona»y substituted v»in up to t«o subs«tuents independ»% 
TeLdll bydLy.<C,. (C,-C.,al.oxy.<C,.C.)^M. (CWaW oPtona.y 
,0 "rrv.Juptr^e.u^and(C,.C.^^op^*suba«u«edw*up^ 

^^oro; said p.pera*,A 1^.3.4-.e«M'^so,*oW and 
flp,..,dyl.nmede«ni«ono,R-'a^R-areop^l^subs,,«rted«,lh^ 

hylxy amino, halo, .vdn«y-(0,.C,)a»cyl. ,C,-C.)aikoxy-(C,.CJallcyl. (C.'C.^W 
oSri;ysub.«u..d«»>up»^»uo.oor,C,-C.,a.o^op«ona»ysu^^^^^^^^ 

25 uto.ve*,»o;»ds.id6.7^hy*^5H^»n^"^^-*^^"°^^ 
1 R" a™ optional substituted wHh up to lour hydK,xy, ammo, halo, hydn,x^-(C, 
T^. (C-CW op^onally subs.b^d «m up .0 «ve 

moro or (C-Oalkoxy optionally substlluted with up to live fluoro; 

A,, is independently defined as set forth for Ar and Ar- 
30 A.»feoptionai^Wependentlysubsiitutedasseltath(orArandAral«»e^ 

^ and al. independenty hydrogen, (C^)oydo.M. V^C^yalKyl^Vl^A.-- 
V is independently delined as setfbrlh for Ar and V above; 
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f ri 3 5,Wazhv2-,^R.6S^ime«.yWpera2ln.1.y5-P,riml».2^>^«.yl 



25 




30 RMs hydrogen. (C-COalkyl or (C,-C,)alkoxy; 
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R» is a radical of the formula 
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wherein said radical of formula R" is substituted by R'. R' and R'; 

said radical of formula R*^ is substituted by R". R'» and R»; 

G. G' and G' are taken separately and are each hydrogen and R" is hydrogen, (C,- 

5 ci)alkyl. (C,-C4)alkoxycart)onyl. (C,-C4)alkoxy-{C,-C4)alky1. hydroxy-{C,-C4)alkyl or 
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
{CrC«)alkyl. (C,-C.)alkoxy-(C,-C.)alkyl. (C-C^alkyl or (C,-C,)alkoxy. wherein said 
(C,-C0alkyl in the definition of R« and said (C,-C«)alkoxy in the definition of R'are 
optionally and independently substituted with up to five fluora; and R« are each 

1 0 independently hydrogen or (C,-C4)alkyi; or 

G and G' are taken together and are (C,-C,)alkylene and R». R^ R* and G* are 

hydrogen; or 

G' and G* are taken together and are (C,-Cj)alkylene and R». R'. R' and G are 
hydrogen; 
15 qisOorl; 

X is a covalent bond. -(C=NR'*)-. oxycarbonyl. vinylenyicaibonyl. oxy(C,- 
C4)alkylenyicarbonyl, (C,-C«)alkyienylcarbonyl. (C-C4)alkenylcartJony!. thio{C,- 
C4)alkylenylcartonyl. vinyienylsulfonyl, sulfinyl-{C,-C«)alkylenyloarbonyl. sulfony!-{Cr 
C4)alkylenylcarbonyi or cart)onyl(Co-C4)alkylenylcarbonyl:.wherein said oxy(C,- 

20 C4)alkylenyicarbonyl. (C,-C4)alkylenylcarbonyl. (C-C^jalkenylcartonyl and thio(Cr 
COalkylenylcarbonyi in the definition of X are each optionally and independently 
substituted with up to two (C,-C4)alkyl. benzyl or Ar; said vinyienylsulfonyl and said 
vinytenyicarbonyl in the definition of X are optionally substituted independently on one 
or two vinyienyl carbons with (C-CJalkyl. benzyl or Ar. and said carbonyl(Co- 

25 C4)alkylenylcarbony! in the definiUon of X is optionally substituted indepedently with up 
to three (C,-C4)alkyl. benzyl or Ar, 
R'" is hydrogen or (C,-C4)aikyi; 

R" is {Cf-C)cydoalkyI. ArMC,-C,)alkylenyl or (CrCe)alkyl optionally substituted with 
up to five fluoro; provided that when q = 0 and X is a covalent bond, oxycarbonyl or 
30 (C,-C4)alkylenylcarbonyl. then R* is not (C,-C,)alkyl; 

Ar and Ar' are independently a fully saturated, partially saturated or fully unsaturated 
five- to elght-membered ring optionally having up to four heteroatoms selected 
independently from oxygen, sulfur and nitrogen, or a bicydic ring consisting of two 
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fused independently partially saturated, fully saturated or fully unsaturated five- to 
seven-membered rings, taken independently, optionally having up to four heteroatoms 
selected independently from nitrogen, sulfur and oxygen, or a tricycfic ring consisting 
of three fused independently partially saturated, fully saturated or fully unsaturated five 
5 to seven membered rings, taken independently, optionally having up to four 

heteroatoms selected independently from nitrogen, sulfur and oxygen, said partially 
saturated, fully saturated ring or fully unsaturated monocyclic ring, bicyclicring or 
tricyclic ring optionally having one or two oxo groups substituted on cartjon or one or 
two 0X0 gnaups substituted on sulfun 
10 Ar and Ar' are optionally independently substituted on cartjon or nitrogen, on one ring 
if the moiety is monocyclic, on one or both rings if the moiety is bicydlc. or on one. fcvo 
or three rings if the moiety is tricyclic, with up to a total of four substituents 
independently selected from R". R«. R" and R": wherein R". R«. R" and R" are 
each taken separately and are each Independently halo, formyl. (C,- 
1 5 Cjalkoxycartjonyl. (C-Oalkylenyloxycartjonyl. (C,-C4)alkoxy-(C,-C4)aIkyl, 
C(OH)R"R". naphthyl, phenyl, Imidazolyl, pyridyl. triazolyl. morpholinyl, (Co- 
C4)alkylsutfamoyl. N-{Co-COalkylcart)amoyl. N.N-di-(C,.C.)alkylcart3amoyl. N- 
phenyicartjamoyl. N-(C,-C,)aIkyl-N-phenylcart3amoyl. N.N-diphenyl cartsamoyl. (C,- 
C.)alkylcart)onyiamido.(C,-Cr)cydoalkylcartDonylamido.phenylcart3onyiamido. 
20 piperidinyl. pynx)lidinyl. piperazinyl. cyano. benzimidazolyi. amino, anilino. pyrimidyl. 
oxazolyl, isoxazolyl. tetrazolyl. thienyl. thiazotyl. benzothiazolyl. pyrrolyl. pyrazolyl. 
tetrahydroquinolyl. tetrahydroisoquinolyl, benzoxazolyl. pyridazinyl. pyridyloxy. 
pyridylsulfanyl. furanyl. 8-{CrC«)alkyl-3.Wiaza[3i.1]bicyclooctyl. 3.5-dioxo-1.2.4- 
triazinyl. phenoxy. thiophenoxy. (C,-C4)alkylsulfanyl. (C,-C.)alkylsulfbnyl. (C,- 
25 C7)cycloalkyl. (C,-C4)alkyt optionally substituted with up to five fluoro or (C,-C4)alkoxy 
optionally substituted with up to five fluoro; said naphthyl, phenyl, pyridyl. piperidinyl. 
benzimidarolyl, pyrimidyl. thienyl. benzothiazolyl. pyrrolyl. tetrahydroquinolyl. 
tetrahydroisoquinolyl. benzoxazolyl. pyridazinyl. pyridyloxy. pyridylsulfanyl, furanyl. 
thiophenoxy, anilino and phenoxy in the definition of R". R«. R" and R" are 
30 optionally substituted with up to three substituents independently selected from 

hydroxy, halo. hydroxy-(C,-C4)alkyl. (C,-C4)alkoxy-(C,-C4)alkyl. (C,-C4)alkyl optionally 
substituted with up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five 
fluoro; said imidazolyl. oxazolyl. isoxazolyl. thiazolyl and pyrazolyl in the definition of 
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R". R". R" and R'^are optionally substituted with up to two substltuents 
independently selected from hydroxy, halo. hydroxy-{C,-C4)allcyl. (CrC4)alkoxy-(C,- 
Oalkyl, (CrC«)alkyl optionally substituted with up to five fluoro and (C,-C,)alkoxy 
optionally substituted with up to five fluoro; said morpholinyl in the definition of R". 

5 R", R" and R" is optionally substituted with up to two substltuents independently 
selected from (C,-C4)alkyl; said pyrrolidinyl in the definition of R". R", R" and R'^is 
optionally substituted with up to two substltuents independently selected from hydroxy. 
hydroxy-(C,-C,)alkyi, (C,-C4)alkoxy-(C,-:C4)alkyl. (C,-C4)alkyl optionally substituted 
with up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five fluoro; said 

10 piperazinyl in the definition of R". R«. R" and R" is optionally substituted with up to 
three substltuents Independently selected from {C,-C4)alkoxy-(C,-C4)alkyl, hydroxy- 
(C,-C)alkyl. phenyl, pyridyl. (Co-C4)alkylsulfamoyl. (CrC4)alkyl optionally substituted 
with up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five fluoro; said 
triazolyl in the definition of R", R« R" and R" is optionally substituted with hydroxy. 

1 5 halo. hydroxy-(C,.C4)alkyl. (C,-C4)alkoxy-(C,-C4)alkyl. (C,-C4)alkyl optionally 

substituted with up to five fluoro and (CrC4)alkoxy optionally substituted with up to five 
fluoro; said tetrazolyl in the definition of R", R". R" and R"is optionally substituted 
with hydroxy-(C2-C,)alkyl or (C,-C4)alkyl optionally substituted with up to five fluoro; 
and said phenyl and pyridyl which are optionally substituted on piperazine in the 

20 definition of R", R". R" and R" are optionally substituted with up to three hydroxy, 
halo. hydroxy-(CrC4)alkyl, (CrC4)alkoxy-{C,-C4)alkyl. {CrC,)a\\^ optionally 
substituted with up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five 
fluoro; or 

R" and R'* are taken together on adjacent carbon atoms and are ' 
25 .CH:OC(CH,)jOCHr or -0-(CH,)p-0-. and R" and R" are taken separately and are 
each independently hydrogen or (C,-C4)alkyt; 
pis 1.2 or 3; 

R« and R" are taken separately and are each independently hydrogen, (C,-C4)alkyl 
optionally substituted with up to five fluoro; or R" and R" are taken separately and R" 
30 is hydrogen and R^' is {C,-Ce)cycloalkyl. hydroxy-(C,-C5)alkyl. phenyl, pyridyi, 
pyrimidyl, thienyl. furanyl. thiazolyl, oxazolyl. imidazolyl. benzothiazolyl or 
benzoxazolyl; or R" and R" are taken together and are (Cj-CBjalkylene; 
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G\ and G» are taken separately and are each hydrogen; r is 0; R" is hydrogen. 
(CrC4)all<yl. {C-C^alkoxycartjonyl. (C,-C4)allcoxy-(C,-C4)allvl. hydraxy-{C,-C«)alkyi or 
phenyl optionally Independently substituted with up to three hydroxy, halo, hydroxy- 
(CrC4)alkyl. (C,-C4)a!koxy-(C,-C4)allcyl. (C,-C4)allcyl or (C-CJalkoxy. wherein said 
5 (CrC4)atkyl in the definition of R« and said (C,-C4)alkoxy in the definition of R« are 
optionally and independently substituted with up to five fluoro; and R'» and R» are 
each independently (CrC4)alkyl; or 

G*. G" and G* are taken separately and are each hydrogen; r is 1; R" is hydrogen. 

(CrC4)alkyl. {CrC4)alkoxycarbonyl. (C,-C4)alkoxy-{C,-C4>alkyl. hydroxy-(C,-C4)alkyl or 
1 0 phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 

(C,-C4)alkyl. (C,.C4)alkoxy-(C,-C4)alkyl. (C,-C4)alkyl or (C,-C4)alkoxy. wherein said 

(C,-C4)alkyl in the definition of R' and said (C,-C4)alkoxy in the definition of R« are 

optionally and independently substituted with up to five fluoro; and R" and are 

each Independently hydrogen or (CrC4)alkyl; or 
1 5 G' and G* are taken together and are {C,-Cj)alkylene; r is 0 or 1 ; and R". R". R" and 

G' are hydrogen; or 

G* and G» are taken together and are (CrCs)alkylene; r is 0 or 1 ; and R". R", R* and 
G' are hydrogen; 

R'^ is SOjNR^^R^. CONR"R». (C,-Ce)aIkoxycarbonyl. (C,-C6)alkylcarbonyl. Ai^- 
20 cart)onyl. (C,-Ce)alkylsulfonyl. (C,-Ce)alkylsulfinyl. Ar*-sulfonyl. Ar^-sufinyl and (C,- 
C,)alkyl; 

R« and R** are taken separately and are each independently selected fixjm hydrogen. 
(C,-C6)alkyl. (C,-C7)cydoalkyl and Ar*-(Co-C«)alkylenyl; or 

and R= are taken together with the nitrogen atom to which they are attached to 

25 fonn azetidinyl. pyrrolidinyl. piperidinyl, piperazinyl. morpholinyi. azepinyl. 
azabicyclo[32^]nonanyl. azabicyclol2^.1]heptyl, 6.7-dihydroF-5H- 
dlbenzotc,e]azepinyl. 1.2.3.4-tetrahydro-isoquinolyl or 5.6.7,8-tetrahydropyridot4.3- 
d]pyrimidyt; said azetidinyl in the definition of R^ and R» is optionally substituted 
independently with one substituent selected from hydroxy, amino, hydroxy-(Cr 

30 C4)alkyl. (C,-C4)alkoxy-{C,-C4)alkyl. (C,-C4)alkyl optionally substituted with up to five 
fluoro and (C,.C4)alkoxy optionally substituted vrfth up to five fluoro; said pyrroiidinyl. 
piperidinyr. azepinyl in tiie definition of R" and R» are optionally substituted 
independenUy witti up to two substituents independentiy selected from hydroxy. 
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amino. hydroxy-(CrC4)alIcyl, (CrC4)alkoxy-{C,-C4)aIlcyl, (CrC4)alkyl optionally 
substituted with up to five fluoro and (CrC4)alkoxy optionally substituted with up to five 
. fluoro; said morpholinyl in the definition of R^^ and is optionally substituted with up 
to two substituents independently selected from hydroxy-{CrC4)alkyl. (C,-C4)alkoxy- 
5 (Ci-C4)alkyi, (Ci-C4)alkyl optionally substituted with up to five fluoro and (CrC4)alkoxy 
optionally substituted with up to five fluoro; said piperazinyl in the definition of R^^ and 
R° Is optionally substituted independently with up to three substituents independently 
selected from phenyl, pyridyl, pyrimidyl. {Ct-C4)alkoxycarbonyl and (C,-C4)alkyl 
optionally substituted with up to five fluoro; said 1^3,4-tetrahydro-isoquinolyl and said 

1 0 5.6,7,8-tetrahydropyrido[4,3-d]pyrfmidyl in the definition of and R^ are optionally 
substituted independentiy witti up to three substituents independentiy selected from 
hydroxy, amino, halo. hydroxy-(CrC4)alkyI. (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyi 
optionally substituted with up to five fluoro and (Ci-C4)alkoxy optionally substituted 
with up to five fluoro; and said 6,7-dihydro-5H-dlbenzo[c,e3a2epinyl in the definition of 

1 5 R^^ and R^ is optionally substituted witii up to four substituents independentiy 

selected from hydroxy, amino, halo. hydroxy-(C,-C4)alkyl. (CrC4)alkoxy-(CrC4)aIkyl, 
(CrC4)alkyl optionally substituted witti up to five fluoro and (C,-C4)alkoxy optionally 
substi'tuted with up to five fluoro; said pyrimidyl. pyridyl and phenyl which are 
optionally substituted on said piperazine in ttie definition of R" and R^ is optionally 

20 substituted with up to tiiree substituents selected from hydroxy, amino, hydroxy-(C,- 
C4)alkyl, (C,-C4)alkoxy-(Ct-C4)alkyl. (CrC4)alkyi optionally substituted witti up to five 
fluoro and (C,-C4)alkoxy optionally substituted witti up to flve fluoro; 
Ar^ is independentiy defined as set forth for Ar and Ar^ above; 
said Ar^ is optionally independentiy substituted as set forth for Ar and Ar^ above; 

25 R« is CONR^R* or SOjR^R^. wherein R^ is hydrogen (CrC4)atkyl or Ar^-(Co- 

C4)alkylenyl and R* is Ar'-(Co-C4)alkylenyl; pnDvided ttiat wherrAr^ is phenyl, naphttiyl 
or biphenyl, tiien R^ cannot be CONR^R^ where R^ is hydrogen or Ar^ and R" is 
Ar»; 

R" is hydrogen. (C,-C4)alkyl. (C,-C4)alkoxycarbonyl, (CrC4)alkoxy-(CrC4)alkyl. 
30 hydroxy<<Ct-C4)aikyl or phenyl optionally independentiy substituted witti up to ttiree 
hydroxy, halo, hydroxy-<CrC4)alkyl. (C,-C4)alkoxy-{C,-C4)alkyl, (C,-C4)alkyl or (Cr 
C4)aikoxy, wherein said (C,-C4}alkyl in ttie definition of R* and said (Ci-C4)aIkoxy in 
the definition of R^are optionally and independentiy substituted wiUi up to five fluoro; 
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Ar* is independently defined as set forth for Ar and Ar' above; 
said Ar' Js optionally Independently substituted as set forth for Ar and Ar* above; 
is hydrogen or (C,-C4)alkyl; 

and R^ are eadi independently hydrogen, hydroxy, halo, hydroxy-(CrC4)alkyl. . 
5 (C,-C4)alkoxy-(Ci-C4)alkyl, (Ct-C4)alkyl optionally substituted with up to five fluoro. (C,- 
C4)alkoxy optionally substituted with up to five fiuoro, phenyl, pyridyi, pyrimidyl. thienyl. 
furanyl, thiazolyl, oxazolyl. phenoxy, thiophenoxy. S02NR*^R'\ CONR^'R^^ or NR*»R^»; 
said thienyl. pyrimidyl. furanyl, thiazolyl and oxazolyl in the definition of R" and R" are 
optionally substituted by up to two hydroxy, halo. hydroxy-(Ci-C4)alkyi, (Ci-C4)alkoxy- 

1 0 (C,-C4)alkyl. (Ci-C4)alkyl optionally substituted with up to five fluoro or (CrC4)alkoxy 
optionally substituted with up to five fluoro; said phenyl, pyridyi, phenoxy and 
tiiiophenoxy in tiie definition of R^ and R^ are optionally substituted by up to three 
hydroxy, halo. hydroxy-(CrC4)alkyI, (C,-C4)aIkoxy-(CrC4)aIkyl. (C,-C4)alkyl optionally 
substituted witti up to five fluoro or (C,-C4}aIkoxy optionally substituted wiUi up to five 

15 fiuoro; 

R** and R^^ are each independentiy hydrogen, (C,-C4)alkyl, (C3-C7)cycloalkyl or 
phenyl, said phenyl is optionally substituted witin up to three hydroxy, halo, hydroxy- 
{C,-C4)alkyt, (Ci-C4)alkoxy-{CrC4)alkyl. (C,-C4)alkyl optionally substituted witii up to 
five fluoro or (Ct-C4)alkoxy optionally substituted with up to five fluoro; or 

20 R^ and R^^ are taken togetiier witii tiie niti^en to which tiiey are attached to form 
indolinyi, pynDlidinyl. piperidinyl. piperazinyl or nnorpholinyl; said pyrolidinyl and 
piperidinyl in tiie definition of R" and R'^ are optionally substituted with up to two 
hydroxy, amino, hydroxy-(CrC4)alkyl. (Ci-C4)alkoxy-{CrC4)alkyl, (CrC4)alkyl 
optionally substituted with up to five fluoro or (C,-C4)alkoxy optionally substituted witii 

25 up to five fluoro; said indolinyi and piperazinyl in the definition of R^ and R'^ are 
optionally substituted wlUi up to tiiree hydroxy, amino. hydroxy-(C,-C4)alkyi, (C,- 
C4)aikoxy-(C,-C4)alkyl, (C,-C4)alkoxycart)onyl, (Ci-C4)alkyl optionally substituted witii 
up to five fluoro or (CrC4)alkoxy optionally substituted witii up to five fluoro; said 
morphoiinyl in the definition of R^ and R^^ is optionally substitijted with up to two 

30 substituents independentiy selected from hydroxy-(C,-C4)alkyi, (Ci-C4)aikoxy-(Cr 
C4)alkyl, (Ci-C4)alkyl optionally substituted witii up to five fiuoro and (CrC4)alkoxy 
optionally substituted witii up to five fluoro; 

A is N optionally substituted witii hydrogen or (C,-C4)alkyl and B is carbonyl; or 
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A is carbonyl and B is N optionally substituted with hydrogen or (C,-C4)alkyl; 
is hydrogen or (C,-C4)alkyl; 

is phenyl, pyridyl, pyrimldyl, thiazolyl oxazolyl, benzyl, quinolyl. isoquinolyl. 
phthalizinyl, quinoxanlyl, benzothiazoyi, benzoxazolyl, benzofuranyl or benzothienyl; 
5 said phenyl, pyridyl. pyrimidyl. thiazolyl, oxazolyl. benzyl, quinolyl. Isoquinolyl. 

phthalizinyl. quinoxanlyl. benzothiazoyl. benzoxazolyl, benzofuranyl and benzothienyl 
in the definition of are optionally substituted with up to three phenyl, phenoxy, 
NR^R^. halo, hydroxy. hydroxy-(CrC4)alkyl. (CrC4)alkoxy.{CrC4)aIkyl. (CrC4)alkyl 
optionally substituted witii up to five fluoro or (Ct-C4)alkoxy optionally substituted wiUi 

10 up to five fluoro; 

R" and R" are each independenfly hydrogen, (CrC4 alkyi). phenyl or phenylsulfonyl; 
said phenyl and phenylsulfonyl in the definition of R^ and R" are optionally 
substituted with up to tiiree halo, hydroxy, (CrC4)alkyi optionally substituted witfi up to 
five fluoro or {CrC4)alkoxy optionally substituted with up to five fluoro; 

15 D is CO. CHOH or CH^; 
Eis O. NH or S; 

R* and R^ are taken separately and are each independentiy hydrogen, halo, cyano. 
hydroxy, amino. (CrCe)alkylamino. di-(CrCfl)alkylamino, pyrrolidino, piperidino. 
morpholino, (CrC4)alkoxy-{CrC4)alkyl, hydroxy-(CrC4)alkyl. Ar*. (C,-C4)alkyl 
20 optionally substituted wittn up to five fluoro or (C,-C4)alkoxy optionally substituted with 
up to five fluoro; 

R^, R^ and R*** are each independently hydrogen or (CrC4)-alkyl; 

Ai^ is phenyl, furanyl, tiiienyl. pyridyl, pyrimidyl, pyrazinyl or pyridazinyl; said Ar* being 

optionally substituted witii up to tiiree hydroxy, (C,-C4)alkoxy-{CrC4)aikyl. halo. 
25 hydroxy-{C,-C4)alkyl. (CrC4)aIkyl optionally substituted witi^ up to five fluoro or (Cr 

C4)alkoxy optionally substituted witii up to five fluoro; or 

R'* and R^ are taken together on adjacent carbon atoms and are -©-{CHaX-O-; 

tis 1.2 or 3; 

Y is (C2-Ce)alkylene; 
30 R**, R** and R** are each independentiy hydrogen or (CrC4)alkyl; 

m and n are each Independentiy 1 , 2 or 3, provided that the sum of m and n is 2, 3 or 

4; 

kis 0. 1,2. 3 or 4; 
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is a covalent bond, carbonyl. sulfonyl or oxycarbonyl; 
R*^ is (C3-C7)cydoalkyl. Ar*.(Co-C4)alkylenyl, NR^'R** or (CrCfl)alkyl optionally 
substituted with one to five fiuoro; provided that when is a covalent bond or 
oxycarbonyl. then R*^ is not NR'^R**; 
5 R*' and R** are taken separately and are each independently selected irom hydrogen, 
Ar*. {CrC6)alkyi and Ar'-(Co-C,)alkylenyl; or 

R*^ and R** are taken together with the nitrogen atom to which they are attached to 
form azetidinyl. pyrrolidinyl, piperidlnyl, piperazinyl, morpholinyl, azepinyl. 
azabicydot3,2,2]nonanyl.azabicycloI2!2.1]hepiyl. 1.2,3,4-tetrahydroisoquinolyl, 6,7- 

1 0 dihydro-5H-diben20[c,e]azepinyl or 5,6,7.8-tetrahydropyrido[4.3-d]pyrimidyl; said 
azetidinyl in the definition of R*^ and R** are optionally substituted with one hydroxy, 
amino. hydroxy.(CrC4)alkyl. (CrC4)alkoxy-{C,-C4)alkyl, (CrC4)alkyl optionally 
substituted with up to five fluoro or {CrC4)alkoxy optionally substituted with up to five 
fiuoro; said pyn^lidinyl. piperidlnyl and azepinyl in the definition of R^^ and R^ are 

15 optionally substituted with up to two hydroxy, amino. hydroxy-(Ct-C4)alkyl. (Cr 

C4)alkoxy-{Ci-C4)alkyl, (CrC4)aikyl optionally substituted with up to five fiuoro or (C,- 
C4)alkoxy optionally substituted with up to five fluoro; said morpholinyl in the definition 
of R^^ and R^ is optionally substituted with up to two substituents independentiy 
selected from hydroxy-(C,-C4)alkyi, (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl optionalty 

20 substituted with up to five fiuoro and {C|-C4)alkoxy optionally substituted with up to five 
fluoro; said piperazinyl, 1,2,3,4-tetrahydroisoquinbtyi and 5,6,7.8-tetrahydro[4,3- 
d]pyrimidyl in the definition of R*^ and R** are optionally substituted with up to three 
hydroxy, amino, halo, hydroxy-{CrC4)alkyl, (CrC4)alkoxy-(C,-C4)alkyl, (CrC4)a!kyl 
optionally substituted with up to five fiuoro or (CrC4)alkoxy optionally substituted with 

25 up to five fluoro; and said 6.7-dihydro-5H-dibenzo[c,e]azepinyl in the definition of R^^ 
and R** are optionally substituted with up to four hydroxy, amino, halo, hydroxy-{C,- 
C4)alkyl. (C,-C4)alkoxy-(C|-C4)alkyl. (CrC4)alkyl optionally substituted with up to five 
fiuoro or (C,-C4)alkoxy optionally substituted with up to five fiuoro; 
Af^ is independently defined as set forth for Ar and Ar* above; . 

30 Ar^ is optionally independently substiUjted as set forth for Ar and Ar^ above; 

R'2 and R*^ are independently hydrogen. (C3-C7)cycioalkyl. Ai*-(Co-C3)alkylenyl, Ar*- 
(C2-C4)a!kenyl, Ar*-carbonyl or (CrC6)aikyl optionally substituted with up to five fluoro; 
Ai* is Independently defined as set forth for Ar and Ar* above; 
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15 



Af* is optionally independently substituted as set forth for Ar and Ar' above; and 
R*' and R*'* are each independently hydrogen or (Ct-C4)alkyL 

A prefenred group of compounds within the compound of formula 1^ are those 
compounds wherein R'' is the acyi radical of ponalrestal. tolrestat, zenarastat 
zopolrestat. epalrestat, ZD5522 or sorbinil. 

Especially prefeaed mutual prodrugs of this invention are selected from (E)- 
[4-oxo-3-{5-trifluoromethyl-benzothiazol-2-ylmethyl)-3,4-dihydro-phthalazin-1-yI> 
acetic acid 1R-[4-{4-quinoxalin-2-yl-piperazln-1-yl)-pyrimidin-2-yl]-ethyl ester and 
(E}-[4-Oxo-3-{5-trifiuoromethyI-benzothiazol-2-ylmethyl)-3.4-dihydro-phthalazin- 
yl]-acetic acid 1 R-{4-[4-{3-thiophen-2-yl-acryloyl)-piperazin-1 -yl]-pyrimidln-2-yl}-ethyl 
ester. 

This invetion is also directed to intemnediate compounds of the formula Z 



Z 

This invention is still further directed to intermediate compounds, designated 
Group AA. of the fomnula ZZ, 

OH 



wherein R^* is (CrC8)alkyl, benzyl or phenyl wherein said benzyl and phenyl are • 
optionally substituted with up to three halo or (CrC4)alkyl. 

A preferred group of compounds within Group AA, designated Group AB, are 
those compounds wherein R^* is (CrC4)alkyl, 

More prefenred compounds within the Group AB are those compounds 
wherein R^~ is n-butyl or ethyl. 





Me 



ZZ 
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This invention is still further directed to a compound of the formula ZZZ. 



R 



,101 



Me 




OCOR^ 



,100 



Me 



zzz 



10 



wherein: 

R^*^ is (C,-Ca)alkyl. benzyl or phenyl wherein said benzyl and phenyl are optionally 
substituted with up to three halo or (C,-C4)alkyl; and 
R^*" is hydrogen or a suitable amine protecting group. 

A prefen^d group of compounds of formula ZZZ, designated Group AC, are 
those compounds wherein R^~ is (C^-COallcyl and R^**^ is benzyl or tert- 
butyloxycartDonyl. 

A prefen'ed group of compounds within the Group AC are those compounds 
wherein is n-butyl or ethyl and R'°^ is benzyl. 

Another prefen^ed group of compounds within the Group AC are those 
compuunds wherein R'~ is n-butyl or ethyl and R'°' is tert-butyloxycarbonyl. 

This invention is also directed to a process for preparing a compound of the 
formula Z, 




Me 



comprising: 
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a) reacting R-(+)-2-hydroxy-propionamide with triethyioxonium 
tetrainuoroborate in a reaction inert solvent for 10 minutes to 24 hours at 0 *»C to 
ambient temperature to form the con-esponding imidate; 

b) reacting said con-esponding imidate with anhydrous ammonia in a 

5 reaction inert solvent for 2 hours to 24 hours at 0 °C to ambient temperature to form 
R-(+)-2-hydroxy-propionamidine hydrochloride; and 

c) reacting said R-(+}-2-hydroxy-propionamidine hydrochloride with ethyl 
3-hydroxy-acrylate sodium salt and a suitable base in a reaction inert solvent to form 
said compound of fomnula Z. 

1 0 This invention is also directed to a phamiaceutical composition, designated 

Composition AA. comprising a compound of claim 1 . a prodrug thereof or a 
pharmaceutically acceptable salt of said prodmg or said compound, and a glycogen 
phosphorylase inhibitor (GPI). a prodmg of said GPI or a phannaceuBcally acceptable 
salt of said GPI or said prodrug. 

-1 5 This invention is also directed to a kit comprising: 

a. a compound of claim 1 . a prodmg thereof or a 
pharmaceutically acceptable salt of said prodmg or said compound in a first unit 
dosage fomri; 

b. a glycogen phosphorylase inhibitor (GPI), a prodmg thereof or 
20 a phamriaceutically acceptable salt of said prodmg or said GPI in a second unit 

dosage fomn; and 

c. a container 

This invention is also directed to a method of treating or preventing diabetic 
complications in a mammal comprising administering to said mammal a 
25 pharmaceutical composition of Composition AA. 

This invention is also directed to a method of treating hyperglycemia in a 
mammal comprising administering to said mammal a pharmaceutical composition of 
Composition AA. 

This invention is also directed to a method of treating ischemia in a mannmal 
30 suffering from ischemia comprising administering to said mammal a pharmaceutical 
composition of Composition AA. 
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This invention is also directed to a method of treating diabetes in a mammal 
comprising adminstering to said mammal a phanmaceutical composition of 
Composition AA, 

This invention is also directed to a method of treating diabetic complications in 

5 a mammal comprising adminstering to said mammal a compound of fomnula I. a 
prodmg thereof or a phamiaceutically acceptable salt of said compound or said 
. prodrug and a glycogen phosphoryiase inhibitor (GPI). a prodmg of said GPI or a 
pharmaceutically acceptable salt of said GPI or said prodaig. 

This invention is also directed to a method of treating hyperglycemia in a 

1 0 mammal comprising administering to said mammal a compound of formula I, a 
prodrug thereof or a pharmaceutically acceptable salt of said compound or said 
prodrug and a glycogen phosphoryiase inhibitor (GPI), a prodnjg of said GPI or a 
phamiaceuBcally acceptable salt of said GPI or said prodmg. 

This invention is also directed to a method of treating ischemia in a mammal 

1 5 comprising adminstering to said mammal a compound of formula I, a prodnjg thereof 
or a pharmaceutically acceptable salt of said compound or said prodrug and a 
glycogen phosphoryiase inhibitor (GPI), a prodmg of said GPI or a pharmaceutically 
acceptable salt of said GPI or said prodmg. 

This invention is also directed to a method of treating diabetes in a mammal 

20 comprising administering to said mammal a compound of fonmula I, a prodmg thereof 
or a phamiaceutically acceptable salt of said compound or said prodmg and a 
glycogen phosphoryiase inhibitor (GPI). a prodmg of said GPI or a phanmaceutically 
acceptable salt of said GPI or said prodmg. 

The subject invention also includes isotopically-labeled compounds, which are 

25 identical to tiiose recited in Formula I, but for the fact that one or more atoms are 
replaced by an atom having an atomic mass or mass number different from the 
atomic nnass or mass number usually found in nature. Examples of isotopes that can 
be incorporated into compounds of tine invention include isotopes of hydrogen, 
carton, nifrogen, oxygen, phosphorous, sulfur, fluorine and chlorine, such as *H, 'H, 

30 "C. ^^C. "N. "O, "O, ''P. '^P, "S, "F and "CI, respectively. Compounds of the 
present Invention, prodmgs tiiereof, and phamiaceutically acceptable salts of said 
compounds or of said prodmgs which contain the aforennentioned isotopes and/or 
other isotopes of otiier atoms are wittiin the scope of this invention. Certain 
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isotopically-labeled compounds of the present invention, for example those into which 
radoactive isotopes such as and ^^C are incorporated, are useful in dnjg and/or 
substrate tissue distribution assays. Tritiated, i.e., 'H, and carbon-14, i.e., ^^C. 
isotopes are particularly preferred for their ease of preparation and detectabiiity. 
5 Further, substitution with heavier isotopes such as deuterium, I.e.. ^H. can afford 
certain therapeutic advantages resulting from greater metabolic stability, for example 
increased in vivo half-life or reduced dosage requirements and, hence, may be • 
prefen-ed in some circumstances. Isotopically labeled compounds of Formula I of this 
invention and prodrugs thereof can generally be prepared by canrying out the 

1 0 procedures disclosed in the Schemes and /or in the Examples and Preparations 
below, by substituting a readily available isotopically labeled reagent for a non- 
isotopically labeled reagent 

The terni "reduction" is intended to include partial prevention or prevention 
which, although greater than that which would result from taking no compound or from 

15 taking a placebo, is less than 100% in addition to substantially total prevention. 

The temn 'damage resulting from ischemia" as employed herein refers to 
conditions directiy assodated witii reduced blood flow to tissue, for example due to a 
dot or obstruction of blood vessels which supply blood to tiie subject tissue and which 
result, inter alia, in lowered oxygen transport to such tissue, impaired tissue 

20 performance, tissue dysfunction and/or necrosis. Alternatively, where blood flow or 
organ perfusion may be quantitatively adequate, tiie oxygen canying capadty of the 
blood or organ perfusion medium may be reduced, e.g., in hypoxic environment, such 
that oxygen supply to the tissue is lowered, and impaired tissue performance, tissue 
dysfunction, and/or tissue necrosis ensues. 

25 The temi "Seating", "trear or "ti^atmenr as used herein indudes preventative 

(e.g., prophylactic) and palliative treatment 

By "pharmaceutically acceptable" it is meant \he carrier, diluent, exdpients, 
and/or salt must be compatible witii the otiier ingredients of Uie formulation, and not 
deleterious to the redpient thereof. 

30 The expression "prodrug" refers to compounds that are drug precursors which 

following administration, release the drug in vivo via some chemical or physiological 
process (e:g., a prodrug on being brought to tiie physiological pH or through enzyme 
action is converted to tiie desired datg form). 
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This invention is further directed to compounds which are mutual prodrugs of 
aldose reductase inhibitors and sorbitol dehydrogenase inhibitors. By mutual prodnjg 
is meant a compound which contains two active components, in this case, an aldose 
reductase inhibitor and a sorbitol dehydrogenase inhibitor, which, following 
5 administration, is cleaved, releasing each individual active component Such mutual 
prodajgs of an aldose reductase inhibitor and a sorbitol dehydrogenase inhibitor are 
fonned under standard esterification conditions well known to those skilled in the art. 

By alkylene is meant saturated hydrocarbon (straight chain or branched) 
wherein a hydrogen atom is removed from each of the terminal carbons. Exemplary of 
10 such groups (assuming the designated length encompasses the particular example) 
are methylene, ethylene, propylene, butyiene, pentylene. hexylene. heptylene. 

By halo is meant chloro, bromo, iodo. or fluoro. 

By alkyi is meant straight chain saturated hydrocarbon or branched saturated 
hydrocarbon. Exemplary of such alkyI groups (assuming the designated length 

1 5 encompasses the particular example) are methyl, ethyl, propyl, isopropyl. butyi. sec- 
butyt, tertiary butyl, pentyl, isopentyl. neopentyl. tertiary pentyl. 1-methylbutyl. 2- 
methylbutyl, 3-methyibutyl. hexyl, isohexyi, heptyi and octyt. 

By alkoxy is meant straight chain saturated alkyl or branched saturated alkyI 
bonded through an oxygen. Exemplary of such alkoxy groups (assuming the 

20 designated length encompasses the particular example) are methoxy. ethoxy, 
propoxy. isopropoxy, butoxy, isobutoxy. tertiary butoxy. pentoxy. isopentoxy, 
neopentoxy, tertiary pentoxy. hexoxy. isohexoxy, heptoxy and octoxy . 

It is to be understood that If a cart50cyclic or heterocyclic moiety may be 
bonded or othenvise attached to a designated substrate through differing ring atoms 

25 without denoting a specific point of attachment, then all possible points are intended, 
whether through a carbon atom or. for example, a trivalent nitrogen atom. For 
example, the term "pyridyl" means 2-. 3-, or 4-pyridyl, the term 'thienyr means 2-. or 
3-thienyi, and so forth. 

The expression "phannaceutically-acceptabie salt" refers to nontoxic anionic 

30 salts containing anions such as (but not fimited to) chloride, bromide, iodide, sulfate, 
bisulfate, phosphate, acetate, maleate, fumarate, oxalate, lactate, tartrate, citrate, 
gluconate; methanesulfonate and 4-toluene-sulfonate. Where more than one basic 
moiety exists the expression includes multiple salts (e.g.. di-salt). The expression also 
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refers to nontoxic cationic salts such as (but not limited to) sodiunn, potassium, 
caidum, magnesium, ammonium orprotonated benzathine (N.N- 
dibenzylethylenediamine), choline, ethanolamine. diethanolamine, ethylenediamine, 
meglamine (N-methyl-glucamine). benethamine (N-benzylphenethyiamine). 
5 piperazine or tromethamine (2-amino-24iydroxymethyl-1 .3-propanediol). 

As used herein, the expressions "reaction inert solvenr and "inert soivenf 
refers to a solvent or mixture of solvents which does not interact with starting 
materials, reagents, intermediates or products in a manner which adversely affects 
the yield of the desired product 

1 0 The chemist of ordinary skill will recognize that certain compounds of formula I 

of this invention will contain one or more atoms which may be in a particular 
stereochemical or geometric configuration, giving rise to stereoisomers and 
configurational isomers. All such isomers and mixtures thereof are included in this 
invention. Compounds of formula 1 may t>e chiraL In such cases, the isomer wherein 

1 5 has the R configuration is preferred. Hydrates of the compounds of formula I of this 
invention are also included. 

The chemist of ordinary skill in the art will also recognize tiiat certain 
compounds of formula I of this invention can exist in tautomeric form, Le., that an 
equilibrium exists between two isomers which are in rapid equilibrium with each other. 

20 A common example of tautomerism is keto-enol tautomerism, i.e., 




Examples of compounds which can exist as tautomers include hydroxypyridines, 
hydroxypyrmidines and hydroxyquinolines. Other examples will be recognized by 
those skilled in tiie art All such tautomers and mixtures thereof are included in this 
25 invention. . 

DMF means N,N-dimettiylformamide. DMSO means dimethyl sulfoxide. THF 
means tetrahydrofuran. 

Whenever tiie structure of a cyclic radical is shown witii a bond drawn from 
outside the ring to inside the ring, it will be understood by tiiose of ordinary skill in the 
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art to mean that the bond may be attached to any atom on the ring with an available 
- site for bonding. If the cyclic radical is a bicyclic or tricyclic radical, then the bond may 
be attached to any atom on any of the rings with an available site for bonding. For 
example. 




represents any or all of the following radicals: 




Other features and advantages will be apparent from the specification and 
daims which describe the invention. 
10 DETAILED DESCRIPTION OF THE INVENTION 

In general the compounds of formula I of this invention can be made by 
processes which include processes known in the chemical arts, particularly in light of 
the description contained herein. Certain processes for the manufacture of the 
compounds of formula f of this invention are provided as further features of the 
1 5 invention and are illustrated by the following reaction schemes. Other processes are 
described in the experimental section. 

Scheme 1 




1-1 1-3 

(I) 
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Compounds of formula 1-3 (i.e.. formula I) are prepared as set forth in 
Scheme 1, particulariy as described below. 

Compounds of formula 1-3 are prepared by the displacement reaction of a 
5 pyrimidine of the fomnula 1-1 where and are defined herein. Lv is a leaving 
group preferably selected from fluoro, chloro, bromo, iodo. thiomethyl. methylsulfone, 
or OSO2J wherein J is (Ct-CeHower alkyi, trifiuoromethyl. pentafiuoroethyl, phenyl 
optionally substituted with up to three (C|-C4)alicyl. nitro or halo. The leaving group Lv 
is displaced by an amine of the formula 1-2 where is defined above. The reaction 

1 0 is conducted in the presence of a non-aqueous base, preferably an organic amine or 
an inorganic base. Prefen-ed organic amines include triethylamine. pyridine, 
dimethylaminopyridlne and N.N'-diisopropylethyiamine (Hunig's base). Prefen-ed 
inorganic bases include alkaline metal carisonates and bicari^onates such as sodiurri 
or potassium carbonate and sodium or potassium bicarbonate. An especially 

1 5 preferred inorganic base is potassium carbonate. An especially prefen-ed organic 
amine is triethylamine. Alternatively, an excess of the reacting amine 1-2 can be used 
as the base for this reaction. The reaction can be conducted in the absence of 
solvent or in a reaction inert solvent Where used herein, "reaction inert solvenf refers 
to a solvent which does not interact with starting materials, reagents, intermediates or 

20 products in a manner which adversely affects the yield of the desired product 

Prefened reaction inert solvents include aqueous media, pyridine, {CrC4)alcohol. (C2- 
Ca)glycol. halocartDon. aliphatic/aromatic hydrocarbon, ethereal solvent polar aprotic 
solvent ketonic solvent or combinations thereof. The reaction time ranges from 15 
minutes to 3 days and the reaction temperature ranges from 0 to 180 'C. 

25 Conveniently, the reaction may be conducted at the reflux temperature of the solvent 
being used. The reaction is preferably conducted at ambient pressure. The term 
ambient pressure, where used herein, refers to the pressure of the room in which the 
reaction is being conducted. The temi ambient temperature, where used herein, 
refers to the temperature of the room in which the reaction is being conducted. 

30 When R^ contains a hydroxy group, tlie hydroxyl group may or may not be 

protected. When the hydroxy! group is protected, the protecting group may be any 
suitable hydroxy! protecting group. The conditions used to remove such optional 
hydroxyl protecting groups contained In R' in compounds of formula 1-3 are as 
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follows. When the protecting group is an ester, removal of such ester protecting 
groups is conducted under basic conditions using inorganic hydroxides or carbonates, 
preferably lithium hydroxide, sodium hydroxide, potassium hydroxide or potassium 
carbonate. The reaction is carried out in a reaction inert solvent, preferably an 
5 alcoholic solvent Espedaliy preferred is methanol or methanol in combination with co- 
solvents such as water, tetrahydrofuran. or dioxane. The reaction time ranges from 
15 minutes to 24 hours and the reaction temperature ranges from 0 to 100 or to 
the reflux temperature of the solvent(s) of use. Alternatively, ester cleavage may be 
accomplished under addle conditions. It is preferred to utilize aqueous hydrochloric 

10 add. generally 2 N to concentrated, with or without a co-solvent When a co-solvent is 
used, dioxane or methanol are preferred. The reaction time ranges from 4 hours to 3 
days and the reaction temperature ranges from 0 to 60 'C. 

When the protecting group is an alkyl ether, removal of such alkyi ether 
protecting groups is conducted using well known dealkylative conditions. For 

1 5 example, the allcyl ether may be deaved by reaction with boron tribromide or 

diethylboron bromide in a reaction inert solvent preferably a halocarbon solvent It will 
be recognized by those skilled in the art that a buffer such as triethylamine may 
fadlltate tine reaction. The reaction times range from 15 minutes to 24 hours and the 
reaction temperature ranges from 0 •C to 60 •C. In addition, a benzyl ether protecting 

20 group can be removed via standard or transfer hydrogenolysis using a palladium 
catalyst such as palladium on carbon. The hydrogenolysis reaction is conducted 
under a hydrogen atmosphere at ambient pressure to 50 psi in a reaction inert 
solvent, preferably methanol. The hydrogen source may be hydrogen gas, ammonium 
formate or trialkylannmonium fomiate or cydohexene. The reaction temperature 

25 ranges from room temperature to the reflux temperature of the solvent employed. The 
reaction time ranges from 15 minutes to 24 hours. 

When a silyl ether protecting group Is employed, removal of such silyl ether ^ 
protecting groups is conducted under addic conditions, preferably witii aqueous 
hydrochloric add such as 1 N to 6 N hydrochloric add. The de-protection may be 

30 carried out in the presence of a co-solvent such as methanol or tetrahydrofuran. The 
reaction time ranges from 2 hours to 48 hours and the reaction temperature ranges 
from 0 •Cto 100 'C. Alternatively, the silyl ether protecting group mayte removed 
via fluoride-mediated deprotection. In this case, deprotection is conducted using 
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tetrabutylammonium fluoride or one of a variety of hydrofluoric add sources in a 
reaction inert soivenl It is preferred to use ethereal solvents such as diethyl ether, 
dioxane or tetrahydrofuran, with tetrahydrofiiran being especially preferred. The 
reaction time ranges firom 2 hours to 48 hours and the reaction temperatures range 
5 from O'C to the reflux temperature of the solvent b^ng used. Other methods 
for removal of the aforementioned protecting groups are well known to those sWIIed in 
the art or can be found in Greene. T. W.; Wuts, P. G. M.. Protective Groups /n Organic 
Syntl)esis, 2* ed.; John Wiley and Sons Inc.: New York, 1991 . Other suitable hydroxyl 
protecting groups and methods for their removal may be found also be found therein. 
1 0 The method of Scheme I is preferred when R' is R*'-"^ Thus, compounds of 

formula 1-2 are reacted with compounds of fbmiula 1-1. Compounds of formula 1-2 
where R' is R^'-m.ao.porq gre commercially available or can be prepared by methods 
well known to those skilled in the art 
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5 



Compounds of formula 2-7 are prepared as set forth in Scheme 2. particularty 
as described below. 
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Where R*' is H. ethyl l-benzyl-3-oxo^iperidine-carboxyiate hydrochionde. 
the compound of fonnula 2-1. which is available from /Mdrlch. Is condensed wrth 
compounds of formula 2-2 to give compounds of fomiula 2-3. The compounds of 
fonnula 2-1 where is not H can be prepared according to methods well known to 
those skilled in the art The reaction is conducted in the presence of excess base 
including non-aqueous bases, organic amines and inorganic bases. Preferred organ.c 
amines include triethylamine and pyridine. Preferred non-aqueous bases .nclude. 
alkaline metal (C,-C.)alkoxides. Preferred inorganic bases include potassium 
carbonate. The reaction is conducted in a reaction inert solvent Prefen^ such 
solvents include (C,-C.)alcohols. aromatic or aliphatic hydrocarbons, polar aprotc 
solvents, halocarbons. and ethereal solvents. (C-QAlcohols are especially 
preferred. The reaction time ranges from 2 hours to 3 days. The reaction temperature 
ranges from ambient temperature to the reflux temperature of the solvent being 
employed. The reaction is preferably mn at ambient pressure but may be conducted 

1 5 at pressures up to 250 psi. 

Compounds of fbnnula 2-4 are prepared from compounds of fomiula 2-3 by 
converting a compound of fomiula 2-3 into an activated compound of fomiula 2-4 
where Lv^ is selected from fiuoro. chloro. bromo. iodo. trifluoromethanesulfonate. (C- 
Oalkylsulfonate. or phenylsulfonate, wherein said phenyl is optionally substituted 
20 with up to three (C,-C.)alkyl. halo or nitro. This reaction is accompltehed by reacting 
compounds of fomiula 2-3 with a chlorinating agent such as phosphorus oxychlonde 
and/or phosphoriis pentachloride to provide compounds of fomnula 2-4 where Lv' is 
chloro This reaction is conducted at ambient pressure in the absence of solvent or in 
a reaction Inert solvent preferably a halocarbon solvent at temperatures ranging from 
ambient temperature to 1 80 -C. Treatment of the chloro compound thus fomned w,th 
the requisite mineral add provides a compound of fom^ula 2-4 where Lv' is bromo or 
iodo. A sulfonate of fomiula 2-4 is prepared by reaction of a compound of fomr,ula 2-3 
with a sulfonic add diloride or anhydride in the presence of an organic amine base, 
preferably triethylamine or pyridine, in certain cases recognized by those skilled In the 
art, it may be necessary to add a catalyst to the readion. In those cases, a preferred 
catalyst is 4^imethylaminopyridine. TOs readion is conducted at ambient pressure In 
a readion inert solvent preferably pyridine, a halocartjon sudi as dilorofomv 
didMoromethane or cartDon tetradiloride. an aromatic or aliphatic hydrocartwn. an 



25 
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ethereal solvent, or combinations thereof. The reaction temperature ranges from -20' 
C to 100 *C and the reaction time ranges from 15 minutes to 1 day. 

Compounds of formula 2-5 wherein is defined above are prepared from 
compounds of formula 2-4 by a reduction reaction or by displacement of Lv^ with a 
5 nudeophile. The reduction is conducted with a reducing agent, preferably anrvnonium 
formate or hydrogen gas, in a reaction inert solvent The reduction is conducted in the 
presence of a palladium catalyst at ambient pressure or under a hydrogen pressure of 
up to 50 psi. Prefen-ed solvents include. (Ci'C4)alcohols such as methanol and 
ethanot, and ether solvents such as diethyl ether, dioxane and tetrahydrofuran. The 

10 nudeophilic displacement reaction may be conducted by adding the nudeophile 
directly or by pre-forming the nudeophile separately or in situ from a nudeophile 
precursor. Prefen-ed nudeophiles indude organoaiuminum, organoboron, 
organocopper, organotin. organozinc or Grignard reagent; R*-H; or, where 
contains a hydroxyl or thiol group, the anion of R*. The term "organo" in the terms 

1 5 organoaiuminum, organoboron, organocopper, organotin and organozinc refers to an 
organic radical selected from R^. It will be recognized by those skilled in the art that 
transition-metal catalysts may be required to effect reaction in certain displacement 
reactions. When required, such transition metal catalysts may indude pal!adium(0). 
palladium(ll), nickel(O), and nickei(II) complexes. Palladium(ll) 

20 bis(diphenylphosphlnobutahe) dichloride is a preferred such catalyst Additionally, an 
aqueous or non-aqueous base nr^y be required in the displacement reaction. 
Preferred such bases indude sodium carbonate, sodium hydride, triethylamine and 
sodium tert-butoxide. The reaction is conducted at ambient pressure in a reaction 
inert solvent such as a halocarbon. an aromatic or aliphatic hydrocarbon, an ether or a 

25 polar aprotic solvent or a combination thereof. In certain cases, a (Ci-C4)alcohol is 
used as a solvent or co-solvent The reaction temperature ranges from -20 "C to the 
reflux temperature of the solvent employed. The reaction time ranges from 1 hour to Z 
days. 

Compounds of fomiula 2-6 are prepared by removal of the benzyl protecting 
30 group from compounds of formula 2-3 or 2-5. This transformation is accomplished 
using the freebase, or preferably the pre-fomned hydrochloride or similar salt, under 
standard ortransfer hydrogenoiysis conditions. The catalysts which may be used in 
the hydrogenoiysis reaction indude, but are not limited to. palladium on carbon. 
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palladium hydroxide on carbon and platinum(IV) oxide. The reaction is conducted in a 
reaction inert solvent, preferably methanol or ethanol and the reaction temperature 
ranges from room temperature to the reflux temperature of the solvent being 
employed. The hydrogen source is hydrogen gas, ammonium formate. 
5 trialkylammonium fomoate. or cydohexene. The reaction time ranges from 15 minutes 
to 3 days. Generally the reaction is conducted at ambient pressure but pressures of 
up to 50 psi of hydrogen may be employed. Alternatively, if appropriate, the benzyl 
protecting group is removed in two steps via chloroformate-induced acylative 
dealkylation. This involves reaction with a chloroformate derivative to form a 

10 carbamate followed by cleavage of the cari)amate. While this reaction is preferably 
conducted with 1-chloroethyl chlorofonmate and sodium iodide catalysis, it will be 
recognized by those skilled in the art that catalysis may not be required in certain 
cases. The reaction is conducted at ambient temperature in a reaction inert solvent 
such as a halocarbon. an aromatic or aliphatic hydrocarbon, a ketone, an ether or a 

15 polar aprotic solvent The reaction temperature ranges from -78 'C to the reflux 
temperature of the solvent being employed and the reaction time ranges from 15 
minutes to 1 day. Cleavage of the carbamate fonned by reaction with 1-chloroethyl 
chloroformate is accomplished upon exposure to methanol or ethanol at ambient 
pressure to give compounds of formula 2-6 as a hydrochloride salt The reaction 

20 proceeds at temperatures from room temperature to the reflux temperature of the 
solvent being employed and the reaction time ranges from 15 nninutes to 1 day. 
Deprotection conditions for other carbamates can be found in Greene, T. W.; Wuts, P. 
G. M. Protective Groups in Organic Synthesis, 2"* ed.; John VWley and Sons Inc.: New 
Yoric,1991,pp 315-348. 

25 Compounds of fonmula 2-7 are prepared from the displacement reaction of 

amine 2-6 as described in Scheme 1 . where the amine 2-6 is equivalent to R'-NH. 

Aitematively, compounds of fonnula 2-7 where Is as defined above are 
prepared from compounds of formula 2-3 wherein R" is OH according to the 
sequence outlined in Scheme 2a below, wherein the conditions are as set forth as 

30 described for Scheme 2. 
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Scheme 2a 




2a-3 2-7 

Compounds of formula 2-2 which are used in Schemes 2 and 2a above are 
commercially available or are prepared according to methods well known to those 
5 skilled in the art, such as those described In March. J. Advanced Organic Chemistry, 
2"^ ed.; Jo^n Wiley and Sons.: New York, 1985, p 359, 374. 
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Scheme 3 




compound of fomiula 3-1 is 1-benzyl-4-piperidone. which is commercially available 
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from Aldrich. Compounds of formula 3-2 are either commercially available or can be 
prepared according to methods well known to those skilled in the art, particulariy 
according to methods set forth in March. J. Advanced Organic Chemistry, 3"^ ed.; 
John Wiley and Sons inc.: New York, 1985, pp 499-500. The reaction is conducted at 
5 ambient pressure in the presence of a secondary amine. Generally an excess of the 
secondary amine, preferably pyniolidine, piperidine, morphollne or diethylamine, is 
used. An espedaily prefened secondary amine is pyrrolidine. The reaction is 
conducted in a reaction inert solvent, preferably a {C,-C4)alcohol, an aromatic or 
aliphatic hydrocarbon, a polar aprotic solvent, a halocarbon or an ether. An especially 

10 prefen-ed solvent is ethanol. The reaction time ranges from 2 hours to 3 days and the 
reaction temperature ranges from ambient temperature to the reflux temperature of 
the solvent being employed. 

Compounds of the formula 3-4 are prepared by removal of the benzyl 
protecting group firom compounds of formula 3-3. This transfomiation is conducted in 

15 a manner analogous to the procedure set forth for the preparafon of compounds of 
fomnula 2-6 above. 



Compounds of formula 3-5 are prepared from the displacement reaction of 
amine 3^ as described in Scheme 1, where the amine 3-4 is equivalent to R^-NH. 

Scheme 3a 




20 3a-1 3a-2 
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Compounds of formulas 3a-1 and 3a-2 are prepared as shown in Scheme 3a 
from compounds of formula 3-5. Thus, to prepare a compound of 3a-1 , a compound 
of formula 3-5 is reduced with a common reducing agent, such as. for example, 
sodium borohydride. lithium aluminum hydride or diisobutyialuminum hydride. Other 
5 reducing agents capable of effecting the reduction of a ketone to an alcohol are well 
known to those skilled in the art (e.g.» Larock, R. D. Comprehensive Organic 
Transformations, VCH Publishers. Inc.: New York, 1989, pp 527-547). Likewise, . 
compounds of formula 3a-2 are prepared from compounds of formula 3-5 by 
reduction with reducing agents capable of reducing a ketone completely to a 

1 0 methylene group. A preferred such reducing agent is aluminum trichlorlde/borane-tert- 
butylamine complex. Other such reducing agents are well known to those skilled in 
the art (e.g.. J. Org. Chem. 1989, 54, 4350; Larock, R. D. Compretjensive Organic 
Transformations. VCH Publishers, Inc.: New York, 1989, pp 35-37). It will be 
recognized by those skilled in the art that the transformation of 3-5 to 3a-1 or 3a-2 can 

15 be conducted at different points in Scheme 3. depending upon the dynamics of the 
particular system. 

Alternatively, compounds of formula 3-5 wherein R" and R^' are hydrogen can 
be prepared from 4-piperidone monohydrate monochloride in a manner analogous to 
the procedure described in Scheme 1, where the amine 3-6 is equivalent to R*-NH to 
20 give compounds of fomnula 3-7. Compounds of formula 3-7 can be reacted with 
compounds of formula 3-2 in a manner analogous to the procedure set forth for the 
synthesis of compounds of formula 3-3 to afford compounds of formula 3-5. 
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Scheme 4 
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Compounds of formula 4-5 are prepared according to Scherne 4 and more 
particuiarty as described below. 

Compounds of fonnula 4-3 are prepared by reacting a compound of formula 4- 
2 with a compound of formula 4-1 or 4-1 a. Compounds of formula 4-1 and 4-1 a are 
prepared according to methods well known to those skilled in the art Where R'* is 
hydrogen, 4-oxo-piperidine-1,3-dicarboxylic add 1-tert-butyl ester 3-ethyl ester is 
condensed with a compound of fomnula 4-2 to afford a compound of formula 4-3. Said 
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compounds of formula 4-2 are readily available from well known commercial vendors, 
known in the literature, or are synthesized under standard conditions well known to 
those skilled in the art. Preferred conditions to prepare compounds of formula 4-3 
from a compound of formula 4-1 where A is CO and B is NH or from a compound of 
5 fonnuia 4-1 a where A is NH and B is CO can be found in March, J. Advanced Organic 
Chemistry, 3"^ ed.; John Wiley and Sons Inc.: New York, 1985. p 1163. The reaction is 
conducted at ambient pressure in a reaction inert solvent Preferred such solvents . 
include aqueous media, a (CrC4)alcohol. glacial acetic acid, an aromatic or aliphatic 
hydrocarbon, a polar aprotic solvent, a halocartDon and ethers or combinations 

10 thereof. The reaction time ranges from 2 hours to 3 days and the reaction 

temperature ranges from ambient temperature to the reflux temperature of the solvent 
being used. An optional second step using aqueous or non-aqueous base may be 
employed in certain cases which will be recognized by those skilled in the art. This 
second step is conducted at ambient pressure in a reaction inert solvent. Preferred 

15 such solvents include aqueous media, a (C,-C4)alcohol, glacial acetic acid, an 

aromatic or aliphatic hydrocart)on, a polar aprotic solvent, a halocarbon and ethers or 
combinations thereof. The reaction time ranges from 2 hours to 3 days and the 
reaction temperature ranges from ambient temperature to the reflux temperature of 
the solvent being used. 

20 Compounds of formula 4-3 wherein B is CO and A is N-alkyI or wherein B is 

N-alkyi and A is CO are prepared by alkylation of compounds of formula 4-3 where B 
is CO and A is NH or wherein B is NH and A is CO. respectively. The anion of those 
compounds of fomnuia 4-3 is fomied by reaction with an appropriate base. Preferred 
such bases include sodium hydride and sodium hexamethyldisilazide, although other 

25 bases may be used where conditions warrant, as determined by the skilled person. 
The reaction is conducted in a reaction inert solvent, preferably .an ether such as 
tetrahydrofuran, diethyl ether, dioxane or diglyme or polar aprotic solvent such as 
dimethylformamide. The reaction proceeds at ambient pressure and at temperatures 
ranging from -100 'C to ambient temperature. The reaction times are from 10 

30 minutes to 2 hours. Addition of (CrC4)alkyl halides or (CrC4)alkylsulfonates such as 
mesylate, tosylate or nosyiate to the anion of 4-3 proceeds at ambient pressure and at 
temperatures ranging from -20 °C to 50 'C. The reaction times range from 10 
minutes to 1 day. 
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Compounds of formula 4-4 are prepared form compounds of formula 4-3 
whereiri A is N-alkyI and B is CO or A is CO and B is N-alkyI via add-catalyzed 
deprotection of the Boc carbamate under standard conditions, for example, 
hydrochloric add or trifluoroacetic add in a reaction inert solvent or in the absence of 
5 solvent Such conditions are known to those skilled in the art Exemplary conditions 
are disdosed in Greene, T. W.; Wuts, P. G. M. Protective Groups in Organic 
Synthesis, 2^ ed.; John Wiley and Sons Inc.: New York, 1 991 . pp 327-330. 

Compounds of formula 4-5 are. prepared by the displacement reaction of 
amine 4-4 as described in Scheme 1 , where the amine 4-4 is equivalent to R*-H. 
1 0 Scheme 5 




Compounds of fomnula 5-4 where X is a covalent bond and G, G\ G^ q. R\ R^ R®. R^ 
and R' are' as defined above are prepared according to Scheme 5 above and 
1 5 particularly as described below. 

Compounds of fomnula 5-3 are prepared by reaction of a compound of fomiula 
5-1 with a compound of formula 5-2 where Prt is an optional amine protecting group 
selected from benzyl and COJR^, where R*" is selected from (C,-C4)alky|, (Ct-C4)allyl, 
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trichloroethyl and benzyl substltutedby up to two (CrC4)alkoxy. Compounds of 
formula 5-1 where is Ar' and Lv^ is halo. (CrC4)alicylsulfide. {CrC4)alkyisulfone, 
trifluoromethanesulfonate, (Ct-Ce)all<yisu!fonate or phenylsulfbnate, where said phenyl 
is optionally substituted with up to three halo, nitro or (C,-C4)alkyl are commercially 
5 available or are readily prepared according to methods well known to those skilled In 
the art For example, to prepare compounds of fonnula 5-1 wherein Lv^ is chloro, a 
compound of formula Ar^-OH, or the ArM=0) tautomer thereof, is reacted with a 
chlorinating agent such as phosphoms oxychioride and/or phosphorus pentachloride. 
This chlorinating reaction is conducted at ambient pressure in the absence of solvent 
10 or in a reaction inert solvent, preferably a halocarbon solvent, at temperatures ranging 
from ambient temperature to 180 •C. Treatment of the chtoro compound with the 
requisite mineral acid provides compounds of formula 5-1 where Lv* is bromo or iodo. 
Compounds of fomnula 5-1 wherein Lv^ is trifluoromethanesulfonate, (C,- 
Ce)alkylsu!fonate or phenyisulfonate are prepared from a compound of fomiula Ar^- 
1 5 OH. or the Ar^-{=0) tautomer thereof, by reaction with a sulfonic acid chloride or 
anhydride in the presence of a base, preferably an organic amine such as 
triethylamine, N.N'-diisopropylethylamine, dimethyiaminopyridine or pyridine. In 
certain cases it will be recognized by those skilled in the art that a catalyst will be 
required to effect reaction. In those cases, a prefen^d catalyst is 4- 
20 dimethyiaminopyridine. This reaction is conducted at ambient pressure in a reaction 
inert solvent such as pyridine, a halocarijon. an aromatic or aliphatic hydrocariDon, an 
ether, or a combination thereof. The reaction temperature ranges from -20 'C to 100 
•C and the reaction time ranges from 15 minutes to 1 day. Compounds of formula 5-1 
where Lw^ is thiomethyl are prepared by reacting a compound of fomiula Ar^-SH. or 
25 the Ar^-(=S) tautomer thereof, with methyl iodide or dimethylsulfate in the presence of 
an inorganic base, preferably potassium carbonate. These reactions are conducted 
at ambient pressure in a reaction inert solvent, preferably an ether or a polar aprotic 
solvent An especially prefen-ed polar aprotic solvent is dimethylformamide at a 
temperature-ranging from 0 "C to 100 'C. Compounds of formula 5-1 where Lv' is 
30 methylsulfone are prepared from a compound of formula 5-1 where Lv^ is thiomethyl 
by oxidation thereof according to procedures well known to those skilled in the art, 
specifically Bs set forth in March. J. Advanced Organic Chemistry, 3"* ed:; John Wiley 
and Sons.: New Yoric, 1 985, pp 1 089-1 090. 
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A representative set of compounds of formula 5-1 which are commercially 
available or which can be prepared according to methods analogous to a literature 
procedure include 4-chloropyridine (Aldrich. P.O. Box 355, Milwaukee. Wisconsin 
53201. USA), 3-chloro-6-methyl-pyrida2ine (Maybridge, do Ryan Scientific, 443 Long 
5 Point Road. Suite D. Mount Pleasant. South Carolina 29464. USA), 2-chloro-pyrazine 
(Aldrich), 2.6-dichlon>pyra2ine (Aldrich), 3-chioro-2,5-dimethylpyra2ine (Aldrich). 2.4- 
dichloro-pyrimidine (Aldrich). 4,6-dichloro-pyrimidine (Aldrich), 4-ch]oro-2-methyl- ■ 
pyrimidine (Chem. Ben 1904. 37. 3641). 4-chloro-6-methyl-pyrimidine (Chem. Ber. 
1899. 32. 2931). 4Hdiloro-2,6-dimethyl-pyrimldine (J. Am. Chem. Soc. 1946, 68. 

10 1299), 4-chloro-2.6-bis(trifluoromethyl}-pyrimidine (J. Org. Chem. 1961. 26, 4504). 4- 
chloro-2-methylsulfanyl-pyrimldine (Aldrich), 4-chioro-2-methoxymethy|.pyrimidine 
(US Patent 5 215 990), 1-chloro-isoqulnoline (J. Am. Chem. Soc. 1946. 68. 1299). 2- 
chloro-quinoline (Aldrich), 4-chioro-quinazoHne (J. Am. Chem. Soc. 1909, 31, 509). 2- 
chloro-quinoxaline (US Patent 2 537 870). 2-chloro-3-methyl-quinoxaline (Aldrich). 

15 2,6.7-trichioro-quinoxaline (J. Chem. Soc, Chem. Commun. 1956, 4731), 4-chloro- 
pteridine (J. Chem. Soc, Chem. Commun. 1954. 3832), 7^1oro-pteridine (J. Chem. 
Soc, Chem. Commun. 1954. 3832), and 6-chloro-9H-purine (Aldrich). Other 
compounds of fonnula 5-1 can be prepared using methods well known to those skilled 
in the art or by using methods analogous to those described in the foregoing 

20 references. 

Compounds of fbmiuia 5-3 are prepared by the displacement reaction of a 
compound of formula 5-1 with an amine of the formula 5-2. The reaction is conducted 
in the presence of a non-aqueous base, prefeabiy an organic amine such as pyridine, 

4- dimethylaminopyridine. triethyiamine or N,N*-diisopropylethylamine; an inorganic 
25 base such as potassium or sodium carbonate or bicartDonate; or an alkaline metal 

alkoxide such as potassium t-butoxide. Alternatively, an excess of the reacting amine 

5- 2 can be used in lieu of the added base, in cases where the leaving group Lv* is 
unactivated, or in specific cases which will be recognized by those skilled in the art 
the use of a transition-metal catalyst such as palladium(O), palladium (II), nicke!(0) or 

30 nickel(ll). along with phosphine-based ligands. such as 2.2'-bis(diphenylphosphino)- 
1,r-binaphthyl (BINAP), may be required to effect reaction. More specific details 
concerning this reaction are available in the follovwng references: J. Org. Chem. 1997. 
62. 1254; J. Org. Chem. 1997, 62, 1568; SynLett 1997, 329. The reaction can be 
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conducted in the absence of solvent or in a reaction inert solvent. Preferable reaction 
inert solvents include aqueous media, (CrC4)aicoho!, (C2-C6)glycol. a halocarbon, an 
alipliatic or aromatic hydrocarbon, an ether, a polar aprotic solvent, a ketone, or 
combinations thereof. The reaction time ranges from 15 minutes to 3 days and the 
5 reaction temperature ranges from 0 X to 1 80 'C or to the reflux temperature of the 
solvent being used. The reactions are preferably conducted at ambient pressure. 

In certain cases which will be recognized by those skilled in the art, 
transformations of existing functionality in Ar' of compound 5-3 may be necessary to 
produce compounds of fomiula 5-4. This pertains in particular to those cases where, 

1 0 for example. in 5-3 contains an aromatic or heteroaramatic halide, (C,- 

C4)alkylsulfonate or triflate. Said compounds of fomriula 5-3 wherein Ar' contains up 
to two substituents selected from halide. (CrC4)alkylsulfonate or triflate, may be 
converted to a compound of formula Ar^ where said halide. {C,-C4)alkylsuIfonate or 
triflate is transformed into another functional group by a reduction reaction or by a 

1 5 displacement reaction of said halide, (Ct-C4)alkylsulfonate or triflate with a 

nucleophile. The reduction reaction is conducted with a reducing agent, preferably 
ammonium fomiate or hydrogen gas, in a reaction inert solvent The reduction is 
conducted in the presence of a palladium catalyst at ambient pressure or under a 
hydrogen pressure of up to 50 psi. Prefenred solvents include (Ci-C4)alcohois such as 

20 me^anoi and ethanol, and ether solvents such as diethyl ether, dioxane and 

tetrahydrofuran. the nucleophilic displacement reaction may be conducted by adding 
the nucleophile directly or by pre-forming the nucleophile separately or In situ from a 
nucleophile precursor. Preferred nucieophiles include organoaluminum. organoboron, 
organocopper. organotin. organozinc or Grignard reagent; R^^-oxide or R"-thioxide; or 

25 aniiino where anilino is within the scope of It will be recognized by those skilled in 
the art that transition-metal catalysts may be required to effectteaction in certain 
displacement reactions. When required, such transition metal catalysts may indude 
palladium(O), palladium{ll). nickel(O), and nickel(ll) complexes. Palladium(ll) 
bis(diphenylphosphinobutane) dichloride is a prefen-ed such catalyst Additionally, an 

30 aqueous or non-aqueous base may be required in the displacement reaction. 

Prefen^d such bases include sodium cartsonate, sodium hydride, triethylamine and 
sodium tert-butoxide. The reaction is conducted at ambient pressure in a reaction 
inert solvent such as a halocart)on. an aromatic or aliphatic hydrocarbon, an ether or a 
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polar aprotic solvent or a combination thereof. In certain cases, a (Ct-C4)a!cohoi is 
used as a solvent or co-solvent The reaction temperature ranges from -20 •C to the 
reflux temperature of the solvent employed. The reaction time ranges from 1 hour to 3 
days. 

5 Optional protecting groups which may be present in compounds of formula 5-3 

are removed according to methods set forth above, or according to methods well 
known to those skilled in the art, particularly as set forth in: Greene. T. W.; Wuts, P. 
G. M. Protective Groups in Organic Synthesis, 2^ ed.; John Wiley and Sons Inc.: New 
York. 1991. 

10 Compounds of formula 5-4 are prepared from the displacement reaction of 

amine 5-3 as described in Scheme 1 , where the amine 5-3 is equivalent to R*-NH. A 
representative set of amines of fomiula 5-3 which are commercially available or which 
can be prepared by a literature procedure include 1-phenyl-piperazine (Aldrich), 1- 
pyridin-2-yl-pipera2ine (Aldrich), 3-plpera2in-1-yl-ben20[d]isoxazole (J. Med. Chem, 

15 1986. 29. 359). 3-piperazln-1-yl-benzo[d]isothiazole (J. Med, Ctiem. 1986. 29, 359), 2- 
piperazin-l-yl-quinoxaline (J, Med. Cliem. 1981, 24, 93), 1-naphthalen-2-yl-piperazine 
(cf. Tetrahedron Lett 1994, 35, 7331), and 1-(3,5-dimethylphenyl)-pipera2ine (cf. 
Tetrahedron Lett 1994, 35. 7331). Other compounds of formula 5-3 can be prepared 
using methods well known to those skilled in the art or by using methods analogous to 

20 those described in the foregoing references. 

Altematively. compounds of formula 5-4 can be prepared from reaction with 
compounds of fomnuia 5-1 with compounds of formula 5-5 using conditions set forth 
above to prepare 5-3. Compounds of fomnula 5-5 can be prepared in a manner 
analogous to the method used to prepare compounds of formula 1-3. 

25 Compounds of fomnula 5-4 wherein X is oxycarbonyi. vinylenylcarbonyl, 

oxy(C,-C4)alkylenylcarbonyl, (CrC4)alkylenylcarbonyl. (C3-C4)alkenylcartx5nyl, thio(Cr 
C4)alkenylcarbonyl, vinylenylsulfonyl or carbonyl(Co-C4)alkylenylcart5onyl; wherein 
said oxy(Ct-C4)alkylenylcarbonyl, {CrC4)aIkylenyicarbonyl, (C3-C4)alkenyicarbonyl, 
and thio(C3;C4)alkenylcarbonyl in the definition of X are each optionally and 

30 independently substituted with up to two (Ci-C4)alky!, benzyl, or An said 

vinylenylsulfonyl and said vinylenylcarbonyl in the definition of X are each optionally 
and independently substituted with up to three {CrC4)aIkyl, benzyl, or Ar are also 
prepared according to Scheme 5 above and particularly as described below. 
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Compounds of formula 5-4 where X is as defined in the immediately preceding 
paragraph are prepared by reacting a compound of formula 5-5 with a compound of 
formula 5-1 where R* is described above, X Is as defined in the immediately preceding 
paragraph and Lv* is chloro. The reaction is conducted under anhydrous conditions in 
5 the presence of a non-aqueous base, which includes organic amines such as 
triethyiamine. N.N*-<Jiisopropylethylamine and pyridine and derivatives thereof. The 
reaction is generally conducted in a reaction inert solvent Prefen-ed solvents include 
halocarbon, aliphatic or aromatic hydrocarbon, ethers, ethyl acetate, pyridine and 
combinations thereof. The reaction timef ranges from 15 minutes to 24 hours and the 
1 0 reaction temperature ranges from 0 to 80 'C or to the reflux temperature of the 
solvent being used. The reactions are preferably conducted at from 0 'C to ambient 
temperature and at ambient pressure. Removal of optional protecting groups is 
carried out as described in Scheme 1. 

Compounds of fomiula 5-4 wherein X is vinylenylcarbonyl, oxy(Ci- 
1 5 C4)aIkylenylcart3onyl, (Ci-C4)alkylenylcarbonyl. (C3-C4)alkenylcartDonyl. thioCCj- 
C4)aIkenylcarbonyl, or carbonyI(Co-C4)aIkylenylcarbonyl,; wherein said oxy(Ct- 
C4)alkyienylcarbonyi, (Ct-C4)aIkylenylcarbonyl. (C3-C4)alkenyIcarbonyl. and thioCCj- 
C4)alkenylcart3onyl in the definition of X are each optionally and independently 
substituted with up to two (CrC4)alkyl, benzyl, or Ar; and said vinylenylcarbonyl in the 
20 definition of X are each optionally and independently substituted with up to three (C,- 
C4)alkyl. benzyl, or Ar are also prepared according to Scheme 5 avove and 
particulariy as described below. 

Compounds of fomnula 5-4 are prepared by reacting a compound of fomriula 5- 
5 with a compound of fonmula R'-X-Lv^ where R* is described above. X Is as defined 
25 in the immediately preceding paragraph and Lv^ is OH. The reaction is conducted in 
the presence of coupling agents, preferably dicyclohexylcarbodiimide or 1-(3- 
dimethylaminopropyl)-3-ethylcarfaodiimide hydnschloride as described in J. Amer, 
Chem. Soc. 1996, 118, 4952. The reaction is conducted in a reaction inert solvent 
Prefen-ed solvents indude halocart3on. aliphatic or aromatic hydrocarbon and ethers. 
30 Espedaliy prefened solvents indude didiloromethane and chlorofomi. Other coupling 
agents that can be used are well known to those skilled in the art and indude. but are 
not limited to, various phosphine reagents, ethyl chlorofomiate. and N- 
hydroxysucdnimide. These reagents and procedures are described in "Compendium 
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of Organic Synthetic Methods • (Ed.. I. T. Harrison and S, Hamson, John Wiley & 
Sons). Specific references include the following: J. Org. Chem, 1971. 36, 1305; Bull. 
Soc. Chim. Fr., 1971, 3034; Bull. Chem. Soc. Japan, 1971, 44, 1373; Tetrahedron 
LeU., 1973. 28. 1595; Tetrahedron LeU., 1971, 26, 2967. and J. Med. Chem., 1968. 
5 11, 534. Removal of optional protecting groups is carried out as described in Scheme 
I. 

Compounds of formula 5-4 wherein X is a covaient bond and R" is (C3- 
C7)cydoalkyI or Ar*-{CrC3)alkylenyl are also prepared according to Scheme 5 above 
and particulariy as described below; 

1 0 Compounds of formula 5-4 wherein X Is a covaient bond and R* is (C3- 

C7)cycloaikyl or ArXC,-C9}alkylenyl are prepared by reacting a compound of fonnula 
5*1 wherein X is a covaient bond, R" is (C3-<;7)cycloa(lcyl or Ar^-(Ct-C3)alkylenyl and 
Lv^ is halo, methanesulfonate, p-toluenesulfonate or trifluoromethanesulfonate. The 
reaction is conducted under anhydrous conditions in the presence of a non-aqueous 

15 base, which includes organic amines such as triethyiamine, N.N - 

dilsopropylethylamine and pyridine and derivatives thereof. The reaction is conducted 
in a reaction inert solvent. Prefen^ed solvents for the reaction include haiocartjons. 
aliphatic or aromatic hydrocarbons, ethers, ethyl acetate, pyridine and combinations 
thereof. The reaction time ranges from 15 rrtinutes to 24 hours and the reaction 

20 temperature ranges firom -20 ''C to 80 X or to the reflux temperature of the solvent 
being used. The reactions are preferably conducted at ambient temperature of the 
solvent being used and at ambient pressure. Removal of optional protecting groups is 
conducted as set forth in Scheme I. 
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Compounds of formula 6-5 wherein G, G\ G^ q. R\ R*. R*, R^ and R* are as 
defined above are prepared as set forth in Scheme 6 above and particuiariy as 
described below. 

Compounds of fomnula 6-1 are prepared from an amine of the formula 5-2 
where Prt is an optional amine protecting group selected from benzyl and COjR**, 
where R~ is selected from (Ct-C4)alkyl, (Ci-C4)allyl, trichloroethyl and benzyl 
substituted with up to two (CrC4)alkoxy. The prefen-ed procedure for preparing 
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compounds of formula 6-1 can be found in Tetrahedron Lett, 1993, 48, 7767 or J. Org, 
C/7e/n1997. 62. 1540. 

Compounds of fomiula 6-3 are prepared by condensation of P-dilcetones or (J- 
ketoesters of the fonnula 6-2b. where R" and are independently substituted as set 
5 forth above, or compounds of the fonmula 6-2a where Lv* is, for example, hydroxy, 
chloro or dimethylamino with guanldines of the formula 6-1 . The reaction Is 
conducted in the presence of an aqueous or non-aqueous base, preferably potassium 
or sodium hydroxide, potassium or sodium (CrC4}-alkoxlde, triethylamine, pyridine, 4- 
dimethylaminopyridine, potassium or sodium carbonate or potassium or sodium 

10 bicarbonate. The reaction is conducted In a reaction inert solvent, preferably aqueous 
media, a (CrC4)alcohol. a (C2-C8)dialcohol. an aromatic hydrocart^on, a polar aprotic 
solvent, or combinations thereof. The reaction time ranges from 2 hours to 3 days 
and the reaction temperature ranges from room temperature to reflux of the solvent 
employed. The reaction is preferably run at ambient pressure, but may be conducted 

15 at pressures up to 250 psi. 

Removal of of optional protecting groups in compounds of formula 6-3 to 
afford compounds of formula 6^ is accomplished as set forth above. 

Compounds of formula 6-5 are prepared from the displacement reaction of 
amine 6-4 as described in Scheme 1, where the amine 6-4 is equivalent to R'-NH. 

20 Alternatively, compounds of fomnula 6-5 are prepared from compounds of 

formula 5-5 by fonnation of a compound of formula 6-6, or by reaction with 
compounds of formula 6-2a or 6-2b under the conditions outlined above in Scheme 6. 
Removal of optional protecting groups is conducted as described in Scheme 1. 
Compounds of fomiula 5-5 are prepared as set forth above. 
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Scheme 7 




7-4 



Compounds of formula 7^ wherein G^ G^, G^ r. R\ R^ R'*, R'^ and R^ are defined 
5 as set forth above are prepared as set forth in Schenne 7 and particulariy as described 
beiow. 

Compounds of formula 7-1 are prepared by reaction of an amine of the 
formula 7-0 with. phosgene or a phosgene equivalent such as triphosgene. 
Compounds of 7-1 wherein the chloro group is replaced by an imidazotyl group are 
10 also useful in this reaction. Such compounds are prepared by reaction of an amine of 
formula 7-0 with cartjonyl diimidazole. The reaction is conducted under anhydrous 
conditions in the presence of a nonaqueous base. Prefen-ed such bases include 
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triethylamine and other tertiary amines and pyridine and derivatives thereof. The 
reaction is conducted in a reaction inert solvent at -78 to 80 "C or at the reflux 
temperature of the solvent being used for 15 minutes to 24 hours, PrefenBd solvents 
for this reaction Include a halocart)on, an aliphatic or aromatic hydrocariaon. an ether. 

5 ethyl acetate, pyridine and combinations thereof. The reactions are preferably 
conducted at from 0 to ambient temperature and at ambient pressure. 

Compounds of formula 7-4 are prepared by reaction of cartsamoyi chlorides of 
the formula 7-1 with amines of the fomiula 7-3. where and are defined above. 
The reaction can be conducted in the absence of solvent or in a reaction inert 

10 solvent. Prefen-ed such solvents include aqueous media, a (CrC4)alcohol. a (Cj- 
C6)dialcohol, an aromatic or aliphatic hydrocart)on, a halocart)on, an ether, a polar 
aprotic solvent a ketone, pyridine or combinations thereof. The reaction time ranges 
from 15 minutes to 3 days and the reaction temperature ranges fnDm 
0 to the reflux temperature of the solvent being used. The reacfion is preferably 

1 5 conducted at ambient pressure. It will be recognized by those skilled In the art that 
addition of a base may be required to effect reaction. In those cases, prefen-ed bases 
Include potassium or sodium hydroxide, triethylamine and other tertiary amines, 
pyridine and Its derivatives and Inorganic bases such as sodium or potassium 
carbonate and sodium or potassium bicartsonate. Removal of optional hydroxyl 

20 protecting groups contained in R^ is canied out according to methods set forth in 
Scheme 1. 

Alternatively, compounds of fonnula 7-4 are prepared from compounds of 
formula 7-0 by reaction with isocyanates of the formula 7-6 or with cartDamoyI " 
chlorides of the formula 7-8. Said isocyanates are commerdally available, known in 

25 the literature, or synthesized under standard conditions known to those skilled in tiie 
art, particulariy as described in March, J. Advanced Organic Chemistry, 3"* ed.; John 
Wiley and Sons Ina: New Yoric, 19BS, p 1 165, A prefen^d method of forming such 
isocyanates is the Curtius rean^ngement of a suitable acyl azide. Said carbamoyl 
chlorides are synthesized using methods analogous to that described for tiie 

30 preparation of compounds of fonnula 7-1 In Scheme 7. Removal of optional hydroxyl 
protecting groups contained in R^ is carried out acconiing to methods set forth in 
Scheme 1. 
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Compounds of formula I containing me radical R* are prepared according to 
the procedures set forth in Scheme 7 using the con-esponding starting materiais and 
reagents. 

Scheme 8 




8.3 B-4 



Compounds of formuia 8-5 are prepared as set forth in Scheme 8 and particularly as 
described below. 

Compounds of formula 8-2 are readily prepared from commerdaliy available 
1 0 phenethylamines of formula 8-1 a and fomialdehyde or an aldehyde of the formula 
R^-CHO under Pictet-Spengler conditions. The Pictet-Spengler reaction is reviewed 
in Chem. Rev, 1995, 95. 1797. A similar route route to 1 .2,3,4-tetrahydroisoquinolines 
using the Bischler-Napieralski reaction, as disclosed in March, J. Advanced Organic 
Chemistry, 3"* ed.; John Wiley and Sons.: New Yoric. 1985. 495, followed by standard 
1 5 reduction of the imine formed may also be employed. 
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Compounds of formula 8-4 are prepared from compounds of formula B-3 by 
aromatic electrophilic substitution using the appropriate eiectrophile. A general 
. reference for this type of reaction can be found in l\4arch, J. Advanced Organic 
Chemisby, 3"* ed.; John Wiley and Sons.: New York, 1985, 447-511. 
5 Compounds of fomnula 8-2 are also prepared by removal of the protecting 

group from a compound of formula 8-4. Preferably the protecting group is 
trifiuoroacetamide which may be removed under basic conditions using inorganic • 
hydroxides or carbonates in a reaction inert solvent Suitable such solvents include 
{CrC4)alcohols and preferably methanol. Optionally, one or more co-solvents, 

1 0 preferably selected from water, tetrahydrofuran and dioxane may be employed. The 
reaction time ranges from 15 minutes to 24 hours and the reaction temperature 
ranges from 0 *C to 1 00 *C or to the reflux temperature of the solvent or solvent 
system being used. The reaction is preferably conducted at ambient temperature. 
Other conditions for deprotecUon of trifluoroacetamides and deprotection conditions 

15 for other suitable protecting groups can be found in Greene, T. W.; Wuts, P. G. M. 
Protective Groups in Organic Synthesis, 2^ ed,; John Wiley and Sons Inc.: New York, 
1991. 

Compounds of formula 8-4 are prepared by adding a protecting group to 
compounds of formula 6-2. Preferably the protecting group is trifiuoroacetamide or 

20 tert-butoxycart3onyi (BOC). The protecting group is attached by reaction of a 

compound of fomiula 8-2 with trifluoroacetyl chloride or di-tert-butyl dicartDonate or an 
equivalent thereof in the presence of a base, preferably triethylamine or pyridine. The 
reaction is conducted in a reaction inert solvent Preferred such solvents include 
ethers such as tetrahydrofuran, diethyl ether, dioxane or dimethoxyethane; a 

25 halocarbon such as dichloromethane, chlorofomn or carbon tetrachloride; and 
aromatic or aliphatic hydrocarbons such as benzene, toluene or hexanes. The 
reaction time ranges from 15 minutes to 3 days and the reaction temperature ranges 
from 0 'C to the reflux temperature of the solvent being used. The reaction is 
preferably conducted at ambient pressure. Other conditions for protection of amines 

30 with trifluoroacetamides or tert-butoxycarbonyl groups as well as other suitable 

protecting groups can be found in Greene, T. W.; Wuts, P. G. M. Protective Groups in 
Organic Synthesis, 2^ ed.; John Wiley and Sons Inc.: New Yoric. 1991.- 



wo 00/59510 



PCT/IBOO/00296 



-103- 

Manipulation of the substituents and R» is carried out to provide 
isoquinolines with altered substitution. Preferably, transition metal-catalyzed cross- 
coupling of a compound of formula W where R" or R» is bromide or trifiate is 
employed to afford compounds of formula 8-4 wherein R^ or R" are as set forth 
5 above. This reaction is conducted according to methods well known to those skilled In 
the art, particularly as set forth In Tetrahedron, 1998, 54. 263 for Stille and Suzuki 
Reactions and In Acc. Chem, Res, 1998. 3t. 805 far Buchwald Amination Reactions. 

Compounds of fomiuia 8-5 are prepared from the displacement reaction of 
amine 8-2 as described in Scheme 1 , where the amine 8-2 Is equivalent to R*-NH. 
<IQ Scheme 9 




9-2 

Compounds of fomiula 9-3 are prepared according to the general procedures 
set forth in Schsme 2 starting from ethyl 1-benzyl-4-oxo-3-plperidine cariDOxylate 
hydrochloride (9-1). In certain cases, where R* is H. N-tertbutO)cycart)onyl-3- 
1 5 (dimethylaminomethyleneH-piperidone (9-2, Cherrtcal Abstracts 121:1 5766 1 ) is 
used as the starting material. 
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Scheme 10 




10-5 10-6 



Compounds of formula 10-6 wherein R\ R^ R*^ and R" are as defined above 
5 are prepared as set forth in Scheme 10 and more particularty as described below. 

Compounds of formula 10-2 where R*^ is (C,-C4)alkyl are prepared by reacting 
a compound of Jonnula 10-1. where Cbz is benzyloxycarbonyl, with an 0-alkylating 
agent. A preferred compound of fomnula 10-1 is 3-oxD-piperazine-1-carboxy!ic add 
benzyl ester. A preferred O-alkylating agent is triethyloxonium tetrafluoroborate. The 
1 0 reaction is conducted at ambient pressure in a reaction inert solvent. Preferred 
solvents include an aromatic or aliphatic hydrocarbons, halocarbons and ethers. 
Dichloromethane is especially preferred. The reaction time ranges from 2 hours to 3 
days and the reaction temperature ranges from -100 'C to ambient temperature. 

Compounds of formula 10-4 are prepared by condensation of a compound of 
1 5 formula 1 0-2 with a compound of fomnula 1 0-3. Said compounds of fomnula 1 0-3 are 
commerdally available, are known in the literature, or are readily prepared via 
standard anaidation of hydrazine and an activated carboxylic acid, such as a 
carboxylic acid chloride. Such reactions are well known by those skilled in the art 
The condensation reaction is preferably njn at ambient pressure, although higher 
20 pressures up to 250 psi may be employed if necessary. The reaction is conducted in 
a reaction inert solvent, preferably selected from (Ci-C4)alcohols. aromatic or aliphatic 



wo 00/59510 



PCT/IBOO/00296 



-105- 

hydrocarbons, polar aprotic media, halocarbons and ethers, or combinations thereof. 
The reaction is conducted at temperatures ranging from ambient temperature to 180 
•C. The reaction times are from 2 hours to 3 days. 

Compounds of formula 10-5 are prepared form compounds of formula 10-4 via 
5 Lewis acid-catalyzed cleavage or hydrogenolysis of the Cbz carbamate under 

standard conditions which are well l<nown to those skilled in the art. particularly as set 
forth In Greene. T. W.; Wuts. P. G. M. Protective Groups m Organic Synthesis, 2^ ed.;. 
John Wiley and Sons Inc.: New York, 1991. pp 335-338. 

Compounds of formula 10-6 are prepared firsm the displacement reaction of 
10 an amine of the formula 10-5 as described in Scheme 1 . where the anrtine 10-5 is 
equivalent to R*-NH. 

Scheme 11 
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Compounds of formula 11-4, wherein R\ R^. R". R''. R". R* and R^ are as 
defined above are prepared as set forth in Scheme 1 1 and more particularly as 
described beiovf\r. 

Where R" and R" are hydrogen. 1-benzyl-4-piperidone (3-1), available from 
5 Aldrich, is condensed with a compound of fomnula 11-1, which are either conrunercially 
available or well known to those skilled in the art. to give compounds of fomiula 11-2. 
Where R" and R^ are not hydnDgen. compounds of fonnula 3-1 can be prepared • 
acconding to methods well known to those skilled in the art The reaction is conducted 
at ambient pressure in the absence of solvent or In a reaction inert solvent Preferred 

1 0 solvents Indude (C,-C4)alcohols, aromatic or aliphatic hydrocart)ons, polar aprotlc 
solvents, halocartaons and ethers. The reaction time ranges from 2 hours to 3 days 
and the reacfion temperature ranges from ambient temperature to the reflux 
temperature of the solvent being employed. More specific conditions can be found in 
Indian 1 Chem, 1976, 14B, 984 and J. Chem. Soc, Peridn Trans. 1 1984. 2465. 

1 5 Compounds of formula 1 1 -3 are prepared by removal of the benzyl protecting 

group from a compound of formula 1 1-2 in a manner analogous to the method 
employed for the preparation of compounds of 2-6 desolbed above. 

Compounds of formula 1 1-4 are prepared by the displacement reaction of an 
amine of the fomiula 1 1-3 as described in Scheme 1, where the amine 11-3 is 

20 equivalent to R'-H. 
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Scheme 12 




Compounds of formula 12-3 and 12-3a where R" and are (C,- 
5 C6)alkoxycarbonyl, {CrCfl)alkylcaitonyl. Ar^-carbonyl. (C,-CB)aIkylsulfonyl, Ar*- 
sulfonyl, or Ar^-sulfinyl are prepared according to Scheme 12 above and particulariy 
as set forth below. 

Compounds of formula 12-3 and 12-3a where R^^ and R° are as defined in 
the immediately preceding paragraph are prepared by condensation wth a compound 
10 of fomiula 12-2 and 12-2a. wherein Lv" is chloro. respectively. Examples of 

compounds of fonnula 1 2-2 and 1 2-2a include {CrCa)alkoxyCOCl. (CrC6)alkylC0Cl, 
Ar^-COCt, {CrC6)alkylS02CI. Ar^-SOzCl, or Ar^-SOCI. The reaction is conducted under 
anhydrous conditions in the presence of a non-aqueous base, which includes organic 
amines such as triethylamlne, N,N'-dlisopropylethylamine and pyridine and derivatives 
. 1 5 thereof. The reaction is conducted in a reaction inert solvent Prefen-etf solvents for 
the reaction include halocarbon. aliphatic or aromatic hydrocarbon, ethers, ethyl 
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acetate, pyridine and combinations thereof. The reaction time ranges from 15 
minutes to 24 hours and the reaction temperature ranges from 0 'C to 80 or to the 
reflux temperature of the solvent being used. The reactions are preferably conducted 
at fronn 0 •C to ambient temperature and at ambient pressure. Removal of optional 
5 protecting groups is canied out as described in Scheme L 

Compounds of fonnula 12-3 and 12-3a wherein R^^ and R° are (C,- 
Cfl)alkyicarbonyi or Ar^-carbonyl are also prepared according to Scheme 12 above • 
and particularly as described below. 

Compounds of fomiula 12-3 and 12-3a wherein R^^ and R° are (C,- 

1 0 C8)alkylcarbonyi or AP-carbonyl are prepared by a condensation reaction with a 
compound of fomnula 12-2 or 12-2a. respectively, wherein Lv^ is hydroxy in. the 
presence of coupling agents such as dicydohexylcariDodiimide or 1-(3- 
dimethylaminopropyl>-3-ethyicarbodiimide hydrochloride. The reaction is conducted in 
a reaction inert solvent Prefen-ed solvents include haiocarbon, aliphatic/aromatic 

15 hydrocarbons and ethers. Especially prefen-e'd solvents include dichloromethane and 
chlorofonn. Other coupling agents that can be used are well known to those skilled in 
the art and include, but are not limited to, various phosphine reagents, ethyl 
chloroformate. and N-hydroxysucdnlmide. Removal of optional protecting groups is 
carried out as described in Sdieme I. 

20 Compounds of fonnula 1 2-3 where R^^ is (CrCe)alkyyl are also prepared 

according to Scheme 12 and particulariy as described below. 

Compounds of fonnula 12-3 where R" is (Ci-Ce)alkyl are prepared by reacting 
a compound of fonnula 12-1 with a compound of fonnula 12-2 where R" is (C,- 
C4)alkyl and Lv* is CI, Br, I, methanesulfonyioxy, p-toluenesulfonyloxy or 

25 trifluoromethanesulfonyloxy. The reaction is conducted under anhydrous conditions in 
the presence of a nonaqueous base, which includes organic amines such as 
triethylamine. Hunlg's base and pyridine and derivatives thereof. The reaction is 
conducted in a reaction inert solvent Prefen-ed solvents for the reaction include 
halocartjonsr aliphatic or aromatic hydrocartDons, ethers, ethyl acetate, pyridine and 

30 corrysinatlons thereof. The reaction time ranges from 15 minutes to 24 hours and the 
reaction temperature ranges from ambient temperature to BO •C or to the reflux 
temperature of the solvent being used. The reactions are preferably conducted at 
ambient temperature and pressure. 
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The starting materials and reagents for the above described compounds are 
also readily available or can be easily synthesized by those skilled in the art using 
conventional methods of organic synthesis. For exannple, many of the compounds 
used herein are related to. or are derived from, compounds found in nature, in which 
5 there is a large scientific interest and commercial need, and acconjingly many such 
compounds are commercially available or are reported in the literature or are easily 
prepared from other commonly available substances by methods which are reported 
in the literature. 

The compounds of the instant invention inhibit the formation of sorbitol 

10 dehydrogenase and as such have utility in the treatment of diabetic complications 
including but not limited to such complications as diabetc nephropatiiy, diabetic 
neuropathy, diabetic retinopathy, diabetic microangiopathy and diabetic 
macroangiopathy and diabetic cardiomyopathy. The utility of the compounds of the 
present invention as medical agents in the treatment of diseases, such as are detailed 

15 herein in mammals (e.g., humans) for example, diabetic complications such as 
diabetic cardionriyopathy, diabetic neuropathy, diabetic nephropathy, diabetic 
retinopathy, diabefic microangiopathy and diabetic macroangiopathy is demonstrated 
by the activity of the compounds of fonnula I of this invention in conventional assays. 
Such assays also provide a means whereby the activities of the compounds of 

20 fomnula I of this invention can be compared with the activities of other known 

compounds. The results of these comparisons are useful for determining dosage 
levels in mammals, including humans, for the treatment of such diseases. 

IVieasurement of SDH Acth^ity 
Male Sprague-Dawley rats (350-400 g) are used for these experiments. 

25 Diabetes is induced in some of the rats by a tali vein injection of streptozocin, 65 
mg/kg. Twenty-four hours later, 4 groups of diabetic rats are given a single dose of 
the test compound of fonnula I of this invention (0.001 to 100 mg/kg) by oral gavage. 
Animals are sacrificed 4-6 hours after dosing and blood and sciatic nerves are 
han^ested. Tissues and cells are extracted with 6% perchloric add. 

30 Sorbitol in erythrocytes and nen/es is measured by a modification of the 

method of R. S. Clements et al. (Science, 166 : 1007-8. 1969). Aliquots of tissue 
extracts are added to an assay system which has final concentrations of reagents of 
0.033 M glycine, pH 9.4, BOO mlvl li-nicotine adenine dinucleotide. and 4 units/ml of 
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sorbitol dehydrogenase. After Incubation for 30 minutes at room temperature, sample 
fluorescence is determined on a fluorescence spectrophotometer with excitation at 
366 nm and emission at 452 nm. After subtracting appropriate blanks, the amount of 
sorbitol in each sample is determined from a linear regression of sorbitol standards 
5 processed in the same manner as the tissue extracts. 

Fructose is detenmined by a modification of the method described by M. 
Ameyama. Methods in Enzvmoloav . 89: 20-25(1982). Resazurin is substituted for 
fenicyanide. Aliquots of tissue extracts are added to the assay system, which has 
final concentrations of reagents of 1^ M dtric acid. pH 4.5. 13 mM resazurin, 3.3 

1 0 units/ml of fructose dehydrogenase and 0.068% Triton X-100. After Incubation for 60 
minutes at room temperature, sample fluorescence is determined on a fluorescence 
spectrophotometer with excitation at 560 nm and emission at 580 nm. After 
subtracting appropriate blanks, the amount of fructose in each sample is determined 
from a linear regression of fructose standards processed in the same manner as the 

15 tissue extracts. 

SDH activity Is measured by a modification of the method described by U. 
Geriach, Methodoloav of Enzvmatic Analyses , edited by H. U. Bergmeyer. 3, 1 12-1 17 
(1983). Aliquots of sera or urine are added to the assay system, which has final 
concentrations of reagents of 0.1 M potassium phosphate buffer. pH 7.4, 5 mM NAD, 

20 20 mlVI sorbitol, and 0.7 units/ml of sorisitol dehydrogenase. After Incubation for 10 
minutes at room temperature, the average change in sample absorbance is 
detenmined at 340 nm. SDH activity was presented as milliODMo units/minute (OD340 
= opfical density at 340 nm). 

Any aldose reductase inhibitor may be used as the second compound 

25 (active agent) of this invention for combination therapies. The temi aldose 

reductase inhibitor refers to compounds which inhibit the bioconversion of glucose 
to sorbitol catalyzed by the enzyme aidose reductase. Such Inhibition is readily 
determined by those skilled in the art according to standard assays (J. Malone, 
Diabetes. £9:861-864, 1980. "Red Cell Sorbitol, an Indicator of Diabetic ControP). 

30 A variety of aidose reductase inhibitors are described and referenced below, 

however, other aldose reductase inhibitors will be known to those skilled in the art 
The disclosures of U.S. patents listed below are hereby incorporated by reference. 
Also, common chemical US AN names or other designation are in parentheses 
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Where applicable, together with reference to appropriate patent literature disclosing 
the compound. 

The activity of an aldose reductase inhibitor in a tissue can be detemnined 
by testing the amount of aldose reductase Inhibitor that is required to lower tissue 
5 sorbitol (i.e.. by inhibiting the further production of sorbitol consequent to blocking 
aldose reductase) or lower tissue fructose (by inhibiting the production of sorbitol 
consequent to bloddng aldose reductase and consequently the production of 
fructose). While not wishing to be bound by any particular theory or mechanism, It 
is believed that an aldose reductase inhibitor, by Inhibiting aldose reductase, 
- 1 0 prevents or reduces ischemic damage as described hereinafter. - 

Accordingly, examples of aldose reductase inhibitors useful in the 
compositions and methods of this invention include: 

1 . 3-(4-brDmo-2-fluorobenzyl)-3,4-dihydro-4-oxo-1 -phthalazineacetic add 
(ponalrestat, US 4,251 ,528); 
15 2. N[I(5-trifluoromethy l)-6-methoxy-1 -naphthalenyQthioxomethyl}-N- 

methyiglydne (tolrestat, US 4,600.724); 

3. 5-[(Z,E)-p-methyldnnamyiidene]-4-oxo-2-thioxo-3-thiazolideneacetic 
add (epalrestat, US 4,464,382. US 4,791,126, US 4.831,045); 

4. 3-(4-bromo-2-fluorobenzyl)-7-chloro-3,4-dihydro-2,4-dioxo-1 (2H)- 
20 quinazDiineacetic add (zenarestat, US 4,734.41 9. and 4.883,800); 

5. 2R.4R-6.7-dichlorD^ydroxy-2-methylchroman-4-acetic add (US 
4,883.410); 

6. 2R,4R-6,7-dichloro-6-fluoro-4-hydroxy-2-methylchroman-4-acetic add 
(US 4.883,410); 

25 7. 3,4-dihydro-2,8-diisopropyl-3-oxo-2H-1 ,4-ben20xazine-4^cetic add 

(US 4.771 .050); 

a. 3,4-dihydn>3-oxo-4-t(4,5,7-trlfluoro-2-ben20ttiia2olyl)methyl]-2H-1 .4- 
benzothia2ine-2-aceticadd (SPR-210. U.S.-5;252,572); 

9. - N-{3,5-dimethyl-4-[(nltromethyl)sulfonyI]phenyl]-2-methyl- 
30 benzeneacetamide (ZD5522. U.S. 5,270,342 and U.S. 5,430,060); 

10. (S)-6-fJuorosplro[chroman-4,4'-imidazolidine]-2,5'-dione (sorbinll. US 
4.130,714); 
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il. d.2-methyl-6-nuorchspiro(chroman-4\4^imldazolidine)^^^ (US 
4,540704); 

12. 2-fluorT>-spiro(9H-fluorene-9,4'--imidazolidine)-2\5'-dione (US 
4.438^72); 

5 13. 2jKli-fiuoro-spiro(9H-fiuorene-9,4'-imidazolidine)-2'.5'-dione (US 

4.436,745, US 4,438,272); 

14. 2.7Kli-fluoro-5-metho)cy-spiro(9H-fluorene-9,4Mmidazolidine)-2\5- . 

dione (US 4,436,745, US 4,438,272); 

15. 7-fluoro-spiro(5H-indenol[1.2-b]pyridine-5,3'-pyrroildine)-2.5'-dto^^ (US 

1 0 4,436,745. US 4,438,272); 

16. d-ds-6'-chlorch2\3'-dIhydrD-2-methyl-spiro-(imida2oli 
pyrano(2,3-b)pyridine)-2,5-dlone (US 4,980.357); 

17. spiropmidazond!ne-4,5'(6H)K?uinoline]-2,5-dione-3'-chlorD-7,'8'- 

dihydn>7'.methyK5'-ds) (US 5,066,659); 
15 18. (2S,4S)-6-fluoI^2^5'Klioxospiro(ch^oman-4,4'-i^nidazolidine)-2- 

carboxamide (US 5,447.946); and 

1 2-[(4-bromo-2-fluorophenyI)methy!]-6-fluorospirorisoquinoline-4(1 H).3'- 

pyrTOlldine]-1,2',3,5'(2H)-tetrone (ARI-509, US 5,037,831). 

Other aldose reductase inhibitors include compounds having formula ARl, 




O 

ARI 



or a phamriaceutically acceptable salt thereof, wherein 

Z in the compound of fonnula ARI is O or S; 

in the compound of fonnula ARI is hydroxy or a group capable of being 
removed in vivo to produce a compound of fomnula ARI wherein R^ is OH; and 

X and Y in the compound of fbmiula ARI are the same or different and are 
selected from hydrogen, trifluoromethyl, fluoro, and chloro. 



20 



25 
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A preferred subgroup within the above group of aldose reductase inhibitors 
includes- numbered compounds 1, 2, 3. 4. 5, 6. 9. 10, and 17. and the following 

compounds of Formula ARI: 

20. 3.4-dihydro-3-(5-fluorobenzothiazol-2-ylmethylH-oxophthalazin-1-yl- 

5 acetic acid [R^=hydroxy; X=F; Y=H]; 

21 . 3-(5,7-difluoroben20thiazol-2-ylmethyl)-3,4-dihydn>4-oxophthala2in-1 - 

yiacetic acid [R^=hydroxy; X=Y=F]; 

2Z 3.{5-chiorobenzothiazol-2-ylmethyl)-3.4-dihydn>4-oxophthalazin-1- 

yiaceticacid [R*=hydroxy; X=CI; Y=H]; 
1 0 23. 3-{5.7-dichlorobenzothiazol-2-ylmethyl)-3,4-dihydro-4-oxophthalazin-1 - 

ylacetic add [R'=hydroxy; X=Y=CO; 

24. 3,4-dlhydro-4-oxo-3-(5-trtfluoromethyiben2oxazol-2- 
ylmethyl)phthalazin-1 -ylacetic add IR^=hydroxy; X^CFji Y=H]; 

25. 3,4-dihydro-3-{5-fiuorobenzoxazol-2-yimethyl)-4-oxophthalazin-1-yl- 

15 acetic acid [R^=hydroxy; X=F; Y=H]; 

26. 3-(5,7-difiuorobenzoxa2ol-2-ylmethyl}-3.4-dihydro-4-oxophthalazin-1 - 

yiacetic add [R'=hydroxy; X=Y=F]; 

27. 3-(5-chlorobenzoxa2ol-2-ylmethyl)-3.4-dihydro-4K3Xophthala2in-1- 

ylacetic add [R*=hydroxy; X=CI; Y=H]; 
20 28. 3-(5 J-dichlorobenzoxazol-2-ylmethyl}-3,4-dihydro-4-oxophthaiaan-1 - 

ylacetic add [R'^hydroxy; X=Y=CI]: and 

29. zopolrestat l-phthalazineacetic add. 3.4-dihydro-4-oxo-3-t[5- 
(trifluoromethyi)-2-benzothiazolyl]methyl]- [R'=hydroxy; X=trifluoromethyt; Y=H]. 

In compounds 20-23. and 29 Z is S. In compounds 24-28. Z is O. 
25 Of the above subgroup, compounds 20-29 are more prefen^d with 29 

espedaiiy prefen'ed. 

An espedatly preferred aldose reductase inhibitor is 1-phthalazineacetic 
add, 3.4-dihydro-4-oxo-3-I[5-trifluoromethyl)-2-benzothiazoiyrjmethyl}-. - 

The term 'acyl radical of a carboxylic add aldose reductase inhibitor* refers 
30 to any of the above-mentioned aldose reductase inhibitors which contains a 

carboxylic add group In which the carboxylic add group is replaced with a cartjonyi 
radical. 
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The aldose reductase inhibitor compounds of this Invention are readily 
available or can be easily synthesized by those skilled in the art using conventional 
methods of organic synthesis, particuiariy in view of the pertinent patent 
specification descriptions. 
5 An amount of the aldose reductase inhibitor of this invention that is effective 

for the activities of this invention may be used. Typically, an effective dosage for the 
aldose reductase inhibitors of this Invention is in the range of about 0.1 mg/kg/day to 
100 mg/kg/day in single or divided doses, preferably 0.1 mg/kg/day to 20 mg/kg/day iri 
single or divided doses. 

1 0 Any sodium hydrogen ion exchange (NHE-1 } inhibitor may be used as the 

second compound (active agent) of this invention for combination therapies. The temi 
NHE-1 inhibitor refers to compounds which inhibit the sodiunrVproton (Na*/H*) 
exchange transport system and hence are useful as a therapeutic or prophylactic 
agent for diseases caused or aggravated by the acceleration of the sodium/proton 

1 5 (Na*/H*) exchange transport system, for example, cardiovascular diseases [e.g.. 

arteriosclerosis, hypertension, arrtiythmia (e.g. ischemic antiythmia. arrhythmia due to 
myocardial infarction, myocardial stunning, myocardial dysfunction, aniiythmia after 
PTCA or after thrombolysis, etc.). angina pectoris, cardiac hypertrophy, myocardial 
infarction, heart failure (e.g. congestive heart feiiure. acute heart failure, cardiac 

20 hypertrophy, etc.), restenosis after PTCA. PTCI. shock (e.g. hemorrhagic shock, 
endotoxin shock, etc.)]. renal diseases (e.g. diabetes meliitus, diabetic nephropathy, 
ischemic acute renal failure, etc.) organ disorders associated with ischemia or 
ischemic reperfusion [e.g. heart muscle ischemic reperfusion associated disorders, 
acute renal failure, or disorders induced by surgical treatment such as coronary artery 

25 bypass grafting (CABG) surgeries, vascular surgeries, organ transplantation, non- 
cardiac surgeries or percutaneous transluminal conanary angioplasty (PTCA)], 
cerebrovascular diseases (e.g. ischenruc stroke, hemorrtiagic stroke, etc.), cerebro 
ischemic'disorders (e.g. disorders associated with cerebral infarction, disorders 
caused after cerebral apoplexy as sequeiae, or cerebral edema. NHE-1 inhibitors can 

30 also be used as an agent for myocardial protection during coronary artery bypass 
grafting (CABG) surgeries, vascular surgeries, percutaneous transluminal coronary 
angioplasty (PTCA), PTCI, organ transplantation, or non-cardiac surgeries. The utility 
of NHE-1 Inhibitors as medical agents in the treatment of diseases, such as are 
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detailed herein in mammals (e.g. humans) for example, myocardial protection during 
surgery or mycardial protection in patients presenting with ongoing cardiac or cerebral 
ischemic events or chronic cardioprotection In patients with diagnosed coronary heart 
disease, or at risk for coronary heart disease, canjiac dysfunction or myocardial 
5 stunning is demonstrated by the activity of the compounds of formula I of this 

invention in conventional preclinical cardioprotection assays [see the in vivo assay in 
Wein, H. et al., Circulation 92:912-917 (1995); the isolated heart assay in Scholz, W. 
et a!., Cardiovascular Research 29:260-268 (1995); the antiarrhythmic assay in 
Yasutake M. et al., Am. J. PhysioL, 36:H2430-H2440 (1994); the NMR assay in Koike 

10 et al.. J. Thorac. Cardlovasc. Surg. 1 1 2: 765-775 (1 996)] and the additional in vitro 
and in vivo assays described below. Such assays also proN^de a means whereby the 
activities of the compounds of formula I of this invention can be compared vA\h the 
activities of other known compounds. The results of these comparisons are useful for 
determining dosage levels in mammals, Including humans, for the treatment of such 

15 diseases. 

NHE-1 inhibitors are disclosed in U.S. Pat No. 5,698,581. European Patent 
Application Publication No. EP 803 501 Al. International Patent Application 
Publication Nos. WO 94/26709 and PCT/JP97/04650, each of which is Incorporated 
herein by reference. The NHE-1 inhibitors disclosed therein have utility in the 
20 combination of this invention. Said NHE-1 Inhibitors can be prepared as disclosed 
therein. 

Prefen-ed NHE-1 inhibitors include compounds of the formula NHE, 




25 NHE 

a prodmg thereof or a pharmaceuticaiiyacceptable salt of said compound or 

of said prodrug, wherein 

Z in the compound of formula NHE is carbon connected and is a five- 

membered, diaza, diunsaturated ring having two contiguous nitrogens, said 
30 ring optiortally mono-, di-. or tri-substituted with up to three substituents- 

independently selected from R\ R^ and R* ; 
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or 

Z in the compound of formula NHE carbon connected and is a five- 
membered, triaza, diunsaturated ring, said ring optionally mono- or di- 
substltuted with up to two substltuents independently selected from and R*; 
5 wherein R\ R^ R' , R* and R* In the compound of fomiula NHE are 

each independently hydrogen, hydro)cy-(C,-C4)alkyl, (CrC4)alkyl, (C,- 
C4)allcylthio. (Ca-COcydoalkyl, {Ca-C7)cycloalkyI(Cn-C4)alkyl. (CrC4)alkoxy. (C,- 
C4)alkoxy(C,-C4)alkyl, mono-N- or di.N,N.(CrC4)alkylcarbamoy!. M orM(Ct- 
C4)aflcyl, any of said previous (Ct-C4)allqrl molefies optionally having from one 

1 0 to nine fluorines; said (C,-C4)all<yl or (C3-C4)cycloalkyt optionally mono-or di- 
substituted independently with hydroxy, {CrC4)aIkoxy. (CrC4)aIkylthio, (C,- 
C4)alkylsulfinyi, (CrC4)aIkylsulfonyI, (CrC4)alkyi. mono-N- or dl-N,N-(Cr 
- C4)aIkylcarbamoyl or mono-N- or dl-N.N-{CrC4)alkylaminosuifonyl; and said 
(C3-C4)cycloalkyl optionally having from one to seven fluorines; 

1 5 wherein M in the compound of formula NHE is a partially saturated, 

ftjily saturated or fully unsaturated five to eight membered ring optionally 
having one to three heteroatoms selected independently from oxygen, sulfur 
and nitrogen, or, a bicydic ring consisting of two fused partially saturated, fully 
saturated or fully unsaturated three to six membered rings, taken 

20 independently, optionally having one to four heteroatoms selected 
independently from nitrogen, sulfur and oxygen; 

said M in the compound of fonnula NHE is optionally substituted, on 
one ring if the moiety is monocyclic, or one or both rings if the moiety is 
bicydic, on carbon or nitrogen with up to three substltuents independently 

25 selected from R*, R^ and R*. wherein one of R*. R'' and R* is optionally a 
parBally saturated, fully saturated, or fijily unsaturated three to seven 
mertibered ring optionally having one to three heteroatoms selected 
independently from>ox^en,-sulfur and nitrogen optionally substituted with (Cr 
C4)alkyl and -additionally R*. R^ and R» are optionally hydroxy, nitro, halo. (C,- 

30 C4)alkoxy, (Ct-C4)alkoxycarbonyl, (CrC4)aIkyl, formyi, (CrC4)alkanoyl, (C^ 
C4)alkanoyloxy, (CrC4)alkanoylamino, (Ct-C4)alkoxycart3onyiamino. 
sulfonamido, (C,-C4)alkyisulfonamidQ, amino, mono-N- or dl-N,N-(Ci- 
C4)alkyiamind. carbamoyl. mono-N- or di-N,N-(CrC4)alkylcart3amoyl. cyano, 
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thiol. (CrC4)alkylthio. (CrC4)alkylsulfinyl, (CrC4)alkylsuIfonyI, mono-N- or dl- 
N,N-{C,-C4)aIkylaminosulfonyl, {C2-C4)alkenyL (C2-C4)alkynyl or (Cr . 
C7)cycioalkenyl, 

wherein said (C,-C4)aIkoxy, (C,-C4)alkyl, (CrC7)alkanoyl, (C,-C4)alkyithio, 

5 monchN- or dWM.N-(C,-C4)alkylamino or (C3-C7)cycloalkyl and substituents 
are optionally mono- substituted Independently >A?ith hydroxy, (CrC4)alkoxycarbonyl, 
(Ca-C7)cydoaikyl. (CrC4)alkanoyl. (C,-C4)alkanoylamino. (Ct-C4)alkanoyloxy, (C^ • 
C4)alkoxycarbonyiamino, sulfonamido, (C,-C4)a!kylsuIfonamido, annino. mono-N- or di- 
N,N-(C,-C4)alkylamino, carbamoyl, mono-N- or di-N,N-(CrC4)alkylcarbamoyl, cyano, 

1 0 thiol, nitro, (CrC4)alkylthio. (CrC4)alkylsuIfinyl. (CrC4)alkylsuIfonyl or mono-N- or dn 
N,N-(C,-C4)alkylaminosuIfonyl or optionally substituted with one to nine fluorines. 

Especially prefen^d NHE-1 inhibitors include [1-{8-bromoquinolin-5- 
yl)-5-cyclopropyl-1 H-pyrazole-4-carbonyi]guanidine; [1-(6-chloroquinoiln-5-yl)- 
5-cydopropyl-1H-pyra20le-4-carbonyl]guanidine; [1-Cindazol-7-yl)-5- 

1 5 cycioprbpyH H-pyra2olfr4-carbonyl]guanidine; [1 -(ben2imidazol-5-yl)-5- 
cyclopropyl-1 H-pyrazoie-4-carbonyl]guanidine; [1 -{1 -isoquinolyl)-5- 
cydopropyt-IH-pyrazole^^rbonyOguanidine; [5-cydopropyl-1-(4-quinolinyl)- 
1 H-pyra2ole^carbonyi]guanldine; [5-cydopropyi-1-(quinol]n-5-yl)-1 H- 
pyra2ole-4-carbonyl]guanidine; [5-cydopropyH -(quinolin-8-yI)-1 H-pyrazole-4- 

20 carbonyllguanidlne; [1 -{]ndazol-6-yl)-5-ethyl-1 H-pyrazole-4- 
carbonyl]guanidihe; [1 -Ondazol-5-yl)-5-ethyl-1 H-pyrazole-4- 
carbonyi]guanidine; [1 -(benzimidazol-5-yi}-5-ethyl-1 H-pyra2ole-4- 
carbonyQguanidine; [1-{1-methylbenamidazol-6-yl)-5-elhyl-1H-pyrazoIe-4- 
carbonyQguanidine; 1 -{5-<juinoiinyl)-5-n-propyl-1 H-pyra2ole-4- 

25 carbonyQguanidine; [1.(5-quinolinyl)-5-lsopropyl-1H-pyra2Dle-4- 
cartonyl]guanidine; [5-ethyl-1 -(6-quinolinyl)-1 H-pyrazole-4- 
carbohyHguanldine; [1 -{2-methylben2imida2ol-5-y1>-5-ethyI-1 H-pyrazol6-4- 
cartDonyOguanidine; [1 -{1 .4-benzodioxan-6-yl}-5-ethyl-1 H-pyra2ole-4- 
cartjonyQguanidine; [1 -{ben20tria2ol-5-yl)-5-ethyl-1H-pyra2ole-4- 

30 carbonyl]guanidine; [1 -(3-chIoroindazol-5-yi)-5-ethyl-1 H-pyra20le-4- 
carbonyOguanidine; [1 -(5-quinolinyl}-5-butyl-1 H-pyrazole-4. 
carbonyQguanidine; [5-pnDpyl-H6-quinolinyl)-1 H-pyrazole-*- 
cartonyOguanidine; [5-isopropyl-1 -(6-quinolinyl)-1 H-pyra20le-4- 
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carbonyQguanidine;[1-(2-chloro^-methylsulfonylphenyl)-5-cyd 
pyra20le-4-carbonyllguanIdine; [1-(2-chlorophenyI)-5-cydopropyl-1 H-pyrazole- 
4.carbonyllguanidine; [1-{2-trlfluorom8thyl-4-fluorophenyl>5-cyclopropyl-1H- 
pyrazole-4-carbonyOguanidlne; [1-(2-bromophenyl)-5-cyclopropyHW- 
pyra20le-4-carbonyl]guanidine;tH2-fluorophenyl)-5-cyd 
4-cart)onyllguanidine; [1-(2-diloro-5-methoxyphenyl)-5-cydopropyl-1 H- 
pyrazde-4.carbonyl]guanidin6; [1 -{2-diloro-4-methylaminosuifonyiphenyl)-5- 
cydopropyl-1 H-pyrazole-4-carbonyQguanidtne; [1 -(2,5-didiiorophenyl)-5- 
cydopropyl-1 H-pyrazoie-4-carbony Oguanidine; [1 -(2,3-didilorophenyl)-5- 
cydopropyl-1 H-pyrazole-4-carbonyOguanidine; [1 -(2-diloro-5- 
aminocarbonylphenyl)-5-cydopropyl-1 H-pyra20le^carbonyl]guanidine; IH 
chloro-5-arninosulfonyiphenyl)-5-cydopropyl-1H-pyrazole-4- 
carbonyOguanidine; [1.(2-fluoro-6-trifluoromethylphenyI)-5-cydopropyl-1H- 
pyrazole^-carbonyOguanidlne: [1.(2-dilorD-5-methylsulfonylphenyl)-5- 
cydopropyH H-pyrazole-4-carbonyOguanidine; [1 -{2-diIoro-5- 
dimethylaminosulfpnylphenyl)-5-cydopropyl-1H-pyra2ole4- 
carbonyOguanidine; [1-{2-trifluoromethyl-4-dilorophenyl)-5-cydopropyi-1 H- 
pyrazole^l-carbonyilgiianidine; [1 -(2-diionDphenyl)-5-methyl-1 H-pyra2ole-4- 
carbonyOguanidine; [5-met^^yl-1 -(2-trifiuoromethylphenyl)-1 H-pyrazole-4- 
carbonyOguanidine; [5-ethyi-1-phenyHH-pyrazole-4-carbonyOguanidine; [5- 
cydopropyi-1 -(2-trTfluoromethyiphenyl)-1 H-pyra2olfr4-carbonyOguanidine; [5- 
cydopropyl-1 .phenyl-1 H-pyrazole-4-carbonyOguanidine; [5-cydopropyH -(2,6- 
dichlorophenyl}-1H-pyrazole-4-carbonyOguanidine or or a phanmaceutically 

acceptable salt thereof. 

The preferred and espedaily prefen^d NHE-1 inhibitors disdosed in the above 
two paragraphs can be prepared according to methods set forth in international 
Patent Ap plication No. PCT/1B99/00206 or as set forth below, where the variables in 
the following schemes and description refer only to the NHE-1 compounds. 
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SCHEME VUl 




viH-e vm-g 



10 



According to Scheme .. me Fo^uia .-a compound, wherein is as descr«,ed 
Accoraing , . ^„,^ is dissolved or suspended in an aqueous 

aboveforthe compound offon^ulaN^^^^^^^^^^^ 

alkali metal hydroxide solubon (e.g. 1 N sodu;m ny ; ^ ^ 

and the mixture is added to an aqueous add.c soiuton (e.g. 10 k v/v sunu ; 

Fomuila l-= con^o^" ^ ^ « .bout (TO for *=out 2 
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ethanol at a temperature of about 50^C to about 1 lO'^C for about 10 min to about 1 
hour to form the Formula kl hydrazone. 

The Formula kl hydrazone is cyclized and hydrolyzed to the Formula l-e 
triazole in an alcoholic solvent such as 2-ethoxyethanol under basic conditions (e.g.. 
5 potassium hydroxide) at a temperature of about 1 00 to about 175«*C for about 1/2 
hour to about 2 hours followed by addification to yield the Formula l-e triazole add. 

The Formula l-e add is coupled vrfth guanidine in the presence of a suitable 
coupling agent A suitable coupling agent is one which transforms a carboxylic add 
into a reactive spedes which forms an amide finl<age on reaction with an amine. 
10 The coupling agent may be a reagent which effects this condensation in a one 

pot process when mixed together with the carboxylic add and guanidine. Exemplary 
coupling reagents are 1-(3-dlmethylaminopropyl}-3-ethylcarbodiimide hydrochloride- 
hydroxybenzotriazde (EDC/HBT). 

dicydohexylcarbodiimide/hydroxybenzotriazole(HBT), 2-ethoxy-1-ethoxycaTtonyl-i ,2-. 

15 dihydroquinoline (EEDQ), and diethylphosphoryicyanide. The coupling is performed 
in an inert solvent, preferably an aprotic solvent at a temperature of about -20*'C to 
about 50*^0 for about 1 to about 48 hours, in the presence of excess guanidine as 
base. Exemplary solvents indude acetonltrile, dichioromethane, dimethylfbrmamide 
and chloroform or mixtures thereof. 

20 The coupling agent may also be that agent which converts the carboxylic add 

to an activated intermediate which is isolated and/or formed in a first step and allowed 
to react with guanidine in a second step. Examples of such coupling agents and 
activated intermediates are thionyl chloride or oxalyl chloride to form the add chloride, 
cyanuric fluoride to fomri an add fluoride or an allcyl chlorafonnate such as isobutyl or 

25 isopropenyl chloroformate or propanephosphonic anhydride (prppanephosphonic add 
anhydride, PPA) (with a tertiary amine base) to form a n*ced anhydride of the 
carboxylic add, or carbonyldiimidazole to fbnm an acyiimldazole. If the coupling agent 
is oxalyl chloride, It is advantageous to employ a small amount of dimethyifonramide 
as cosoivent with another solvent (such as dichioromethane) to catalyze the formation 

30 of the acid chloride. This activated add derivative may be coupled by mi)dng with 
excess guanidine in an appropriate solvent together with an appropriate base. 
Appropriate solvent/base combinations are for example, dichioromethane, 
dimethylformamide or acetonitrile or mixtures thereof in the presence of excess 
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guanidine as base. Other appropriate solvent/base combinations include water or a 
(CrC5)alcohoi ora mbcture thereof together with a cosolvent such as 
dichioromethane, tetrahydrofuran or dioxane and a base such as sodium, potassium 
or lithium hydroxide in sufficient quantity to consume the add liberated in the reaction. 
5 Use of these coupling agents and appropriate selection of solvents and temperatures 
are known to those skilled in the art or can be readily determined from the literature. 
These and other exemplary conditions useful for coupling carboxylic adds are 
described in Houben-Weyl. Vol XV, part II. E. Wunsch, Ed., G. Theime Veriag. 1 974, 
Stuttgart M. Bodansky. Prindpies of Peptide Synthesis, Springer-Veriag, Beriin 1984; 

10 and The Peptides, Analysis, Synthesis and Biology {ed. E. Gross and J. Meienhofer), 
vols 1-5 (Academic Press, NY 1979-1983). 

According to Scheme II, the Fonnula ll-a primary amine wherein R* is as 
described above for the compound of formula NHE is reacted with a Formula ll-b a- 
dlazo-p-keto-ester wherein is as described above for the compound of formula ■ 

1 5 NHE. and R is lower aikyi, in the presence of titanium tetrachloride analogously to the 
method described in Eguchi S. at al. Synthesis 1993, 793 to form the Fonnula ll-c 
triazole carboxylic add ester. The Fonnula ll-c ester is converted directly to the 
acylguanidine IW by reaction with guanidine in an alcohoDc solvent at a temperature 
of about 60 to about 1 10**C, preferably refluxing methanol, for a period of 8 to 20 

20 hours. . 

According to Scheme III. the Formula lll-a compound wherein and R' are 
as described above for the compound of formula NHE is treated with Lawesson's 
reagent (i.e., 2,4-bis(4-methoxyphenyl)-1 ,3-dlthia-2,4-diphosphetane-2.4Hdisulfide) in 
an aprotic solvent such as dimethoxyethane at a temperature of about 20''C to about 

25 1 20'C for about one to eight hours. The resulting thioamide is treated with an 
alkylating agent such as methyl iodide in a polar, inert solvent such as acetone, 
conveniently at ambient temperature for about eight hours to about forty-eight hours. 
The resulting compound ts reacted with anhydrous hydrazine in an alcoholic solvent 
at a temperature of about 0°C to about 25*^0 for about one to eight hours to provide 

30 the Fonnula lll-b compound (analogously as described in Doyie and Kurzer. 
Synthesis 1974, 583). 

The Fonnula lll-b compound is treated with a monoalkyloxalyl chloride in an 
aprotic solvent at a temperature of about 25°C to about 50*C for about one to eight 
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hours to provide the Formula III-c carboxylic ester compound wherein R is lower alkyl. 
The Fomiula III-c ester is directly coupled with guanldine in an alcoholic solvent at a 
temperature of about 60«C to about 1 10 preferably refluxing methanol, for a period 
of eight to twenty hours, to prepare the Formula 

5 lll-d triazole carbonyl guanidines. 

According to Scheme IV the Formula IV-a compound wherein is as 
described above, for the compound of fomiula NHE is treated with methyl iodide in an 
Inert solvent, conveniently at ambient temperature for about four to twenty-four hours. 
The resulting compound is reacted with anhydrous R' -hydrazine (wherein R^ is as 

1 0 described above for the compound of fomiula NHE) In an alcoholic solvent at a 
temperature of about O'^C to about 25»C for about one to eight hours to provide the 
Fonnula IV-b amidrazone compound (analogously as described in Doyie and Kurzer, 

Synthesis 1974, 583). 

The Fomiula IV-b compound is treated with a monoalkyloxalyl chloride In an 
1 5 aprejtic solvent at a temperature of about 25*^0 to about 50*»C for about one to eight 
hours to provide tiie Fomnula IV-c cartDOxylic ester compound wherein R is lower allyl. 
The Formula IV-c ester is directly coupled with.guanldine in an alcoholic solvent at a 
temperature of about 60'C to about 110"C, preferably refluxing methanol, for a period 
of eight to twenty hours to prepare the Fonnula IV-d triazole carbonyl guanldines. 
20 According to Scheme V the Fomiula V-a compound wherein R^ Is as 

described above for the compound of fomiula NHE is combined with excess 
(CH30)2C(R*)N(CH3)2 (N.N-dimethyl amide dimethyl acetal) wherein R^ is as 
described above for the compound of formula NHE. optionally in the presence of an 
add catalyst such as p-toluenesulfonic add at a temperature of about SO'^C to about 
25 1 1 0^C for about one to about two hours to prepare the Fomiula V-c compound above. 
The Fomiula V-c compound is cydized with a Formula V-d compound, 
wherein R' is as described above for the compound of fonnula NHE, in an Inert 
solvent such as ethanol at a temperature of about 20«C to about 30*»C for about 5 
minutes to about one hour followed by heating to a temperature of about 70»C to 
30 about 1 1 0*^0 for about two hours to about four hours to form the Fonnula V-f pyrazole. 

Alternatively, according to Scheme V the Formula V-a compound, wherein R^ 
is as described above for the compound of fonnula NHE, is combined with a 
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triethylorthoester O-e.. R'C(OEt), wherein R' is as described above for the compound 
of fonnula NHE) and acetic anhydride at a temperature of about 120»C to about 150 
•C for about two to about five hours to prepare the Fomiula V-b compound. 
The Formula V-b compound Is cyclired with a Formula V^l compound. 
5 wherein is as described above for the compound of formula NHE, to fonm the 
Formula V-cpyrazole. 

The Formula V-c pyrazole Is hydrolyzed with a base such as sodium 
hydroxide or lithium hydroxide in a solvent such as water and/or methanol and/or THF 
conveniently at ambient temperature or at elevated temperature (e.g.. reflux) for about 
10 one hour to about five hours to prepare the Formula V-f add. 

The Formula V-f add is coupled with guanidine in the presence of a suitable 
coupling agent as described for the above coupling of the Formula l-e add and 
guanidine. In one embodiment, the Fomiula V-f add is activated with thionyl diloride 
at a temperature of about 60«C to about 90»C for about fifteen minutes to about two . 
1 5 houre. The resulting adivated add diloride is combined with guanidine hydrodtioride 
and an inoi^anic base (e.g., sodium hydroxide) In anhydrous tetrahydrofuran and 
optionally methanol and/or water. The solution is heated, conveniently at reflux, for 
about one hour to about eight hours to prepare the Formula V-g compound. 

Alternatively according to Scheme V the Fomiula V-e compound can be 
20 diredly converted to the Fomiula V-g compound by several methods. For example, 
the Formula V-e compound can be heated in the presence of excess guanidine. in a 
polar protic solvent for example, methand or isopropanol at a suitable temperature 
conveniently, at reflux for about one to about seventy-two hours. This transformation 
may also be performed by repeatedly removing the solvent, for example removing 
25 ethand or toluene about four times, from a mbcture of the Fortnula V-e compound and 
excess guanidine at a pressure of about one to about 100 mmHg and at a 
temperature of about 25»C to about 95»C. This reaction may a!sp_be.peribrmed in the 
absence of solvent by heating the mixture of the Formula V-e compound and excess 
guanidine at a temperature of about 100»C to about 180"C, optionalV at about a 
30 pressure of about 1 to about 1 00 mmHg for about five minutes to about eight hours. 
According to Scheme VI. the Formuia Vl-a compound, wherein R» is as 
described above for the compound of formula NHE, is readed with the Fomnula Vl-b 
compound, wherein R' and R^ are as described above for the compound of formula 
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hours to abouifc^en^-fourhou. in me p^sence of an appropriate a^ne base, such 

as trieihyJamine. to fonn the Formula Vl-c compound. 

The resulting Formula VI-c compound Is hydrolyzed and coupled wim 
5 guanidineusingoneofthemethodsdescdbedlnea,f.erSchemes.suchastt,e 

n«thod employing carbon^dWdazoie. to forr. the ^-^^'^'^^'''^^^^ . 
According to scheme VII. the FotmulaVlI-a hydrazine, wherein R .sas 

desc^ibedaboveforthecompoundoffem.^a^«^E,lsreacted,Mththeapp™pria^^^ 

pl^aN..-bcornpoundtof6rmtheFornyaV..<pyrazo.eesterwhe^^^ 

0 a.k^acconlingtothen.thodofBalna«.^andHubert-Habart.M.8u//.SocC^^ 
ZcemsU T^eresu«ngpyrazolee^erisconvertedto^eFon.ulaV.l-dac^ 
guanidlne using the hydmlysis and coupling methods described above. 

According to Scheme VIII. the Fomiula Vlll-a compound wherein R and R 
are as described above for the compound of formula NHE is ^sfom«d to the 

15 FoonulaVin-blimiums^twhereRlsloweralMaccordingtothememodde^^^^^ 
J HetCHsm. t989. 26. 1389. The Fomiula VIII* IHhium salt Is combined wHhttie 
Fomnilavni^ hydrazine. Wherein R»ls as described abovefbr the impound of 

foonula NHE. In an Ineri solvent such as ethanol. In the presence of a mineral aad. at 
atemperature of about20-C to about 3(«:forabout five minutes to about one hour 

20 followedbyheatingtoatemperatureofaboutTO-CtoaboutHO-Cfor^ohoursto 

lutfourhourstoformbommeFo^u.aV..WandVin.pyrazoles. ^eFonnuia 

VIII-dandVlll-epyrazoiesarBconvertedtotheFom,ulaVll|.fandVlll^a^l 

guanidlnes respective^ using the hydrolysis and coupling 
some of the methods useful for the preparation of the compounds described here^ 
25 may require pn^tecBon of remote functionality (e.g.. primanr amine, secondary amine. 
:i^lnFormulalprecu.o.).Theneedforsu^protec«onv«1.varydepend^ 

tt,e nature of the remote functionality and the conditions of the preparaton methods. 
Lneid for su^protecson IS rea^^detem^ned by one skilled Inthea^The use of 

such protecBon/deprotectionmethods^also within the sldn in the art. Fo^^ 
30 desJp«onofprotecfinggroupsand«.e.use,seeT.W.Greene.Profec^eGroups« 

O/ganfc Syndesis. John Wiley & Sons. New Yoric. 1991. 

The compounds of fom^ula I of the present Invention, when used in 
combination with NHE-1 Inhibitors. Inhibit the sodium/proton (Na'/H^ exchange 
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. w ,« .»efui as a therapeutic or prophylactic agentfor 

irilac stjrgette or pen:ulan»=m WBluTrinal coronary angioplasty (PTCA)!. 

^a„^,«^rder.(a.g.^-^«s=-da»d-."'»«l*>=«-'-»^ 
causada«er=arab.^apoplaxy=as«luala«,or«n*r.l«l.m.. 

preferably «<a=o.np=undaoflbnnul.lrftW«lnv««»=n'»'»«''" 

,0 oraaarcorc-ryar-.^-^'^--;-::^^:^^ 
percutaneous transluninal cororiary angioplasty (PTCA). orgari tra 

""^^I^Z^— so,,=r».lo.«..ven^-b,^^^^ 

« preaan^^^ongclngcr.laCa^corona.yayr^^.^e.^^' 
Ln*n or unslaue angina) or «.abral i«S»..» B«>t. (a.9. SW^^ 

P^,3b^,^aco,.,ou,-s-..«n^.-»*'-^«>;''-^ 
„„*,Sa.onw^NHE.,««^«agan,a^ch,=n.= ..Vo=3r*^«-^^ 

„ati«>ts with dlagnoaad con^iy haandlsaas. (..g. pn««.» "^'""'"t^ 

n.ln.ccn*ir««ono.ma compounds Of .o™ialo,*^.lnven.on«m 
in addition, a CO ^ ^^^^ ^ „,|,erafen of cells, for axampla 
. NHE-1 Inhibitors has • atrong mhlblloiy sltao on »« i< 
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!" ' ^seb For this .aason, combtetlon of « compound, ollonmd. 1 of 

, Z 1 oomu^. be <^ « .ntM«n»d»o«= agants. and a. aganta .s«r». 
«bmsia,h«afcflb<o«aor«nalllb.oal.,»loman,^naphn»d.n»^^^ 

10 diseases caused by endothelial cell injury. 

T.eutllltyofthecombinatonofcompoundsofthepresent,nventcnwimNHE- 

1 inhibitors as medical agents in the treatment of diseases, such as a« detaded 
Llinmamma,s(e.g.humans)forexamp.e.myocardi^protec«ondunng surges 
ormycardialprotectioninpatientspresentingwithongoingcardlacorcerebral ^ 

15 °sIImiceventsord.roniccard.opro^cfioninpa«ents^^^ 

disease, or at risk for coronary heart disease, cardiac dysfunction or myocard.al 
stunning.demons^tedby^eac«.tyofs.dcombina«on.nconvento^^ 
cardioprotedion assays [see the in ^ assay in Klein. H. et al.. Crcu aton 92.912- 
917 (1995): the feolated heart assay In Schofc W. et al.. Cardiovascular Researd^ 
20 29260-268(1995):theantiarThythmicassayinYasutakeM.etal.. AnVP»^ys.oU 
36-H2430^440 (1994);. the NMR assay in Koike et a... J. Thoraa Cardio^^^^ 
1 12: 765-775 (1996)1 and the additional in vitro and in vivo assays descnbed below, 
such assays also provide a means whereby the activities of the compounds of 
fomiula 1 of this invention can be compared with the activities of other known 
25 compounds. The results of these comparisons ar« useful fbr detemiinlng dosage 
levels in mammals, including humans, for the treatment of such diseases. 

Measurement of Human NHE-I JnWbitory Activity 
Methodologies for measurement of human NHE-1 activity and inNbitor 

potency are based on those pubHshed by Watson et al.. Am. J. Physiol.. 24:G229- 
30 G238J991).whereNHE^ediatedrecoveryofu.tracellularpHlsmeasured^ 

intracellular addffication. Thus, fibroblasts stably expressing human NHE-1 
(Cour^llon: L et a... Mol. Pham^col.. 44:1041-1045 (1993) are P^-^ "^Jl" 
coated 96 well plates (50.000/well) and grown to confluence in growth med.a (OMEM 
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high glucose. 10% fetal bovine serum. 50 u/ml penicillin and streptomycin). Confluerrt 
plates are incubated for 30 minutes at 37-0 wKh the pH sensitive fluorescent probe 
BCECF (5 jxM; Molecular Probes. Eugene. OR). BCECF loaded cells are incubated 
for 30 minutes at 37»C in add loading media (70 mM choHne chloride. 50 mM NHQU. 5 
5 mM KCl. 1 mM MgQ. 1.8 mM CaCI. 5 mM glucose. 10 mM HEPES. pH 7-5). 

then placed in a Ruorascent Imaging Plate Reader (Molecular Devices. CA). BCECF 
fluorescence is monitored using excitation and emission wavelengths of 485 nM and 
525 nM respectively. Irttracellular acidification is initiated via rapid replacement of 
acid loading media with recovery media (120 mM NaCI. 5 mM KCl. 1 mM MgCl,. 1.8 
mM CaCI,. 5 mM glucose. 10 mM HEPES. pH 7.5) ± test combination, and NHE- 
mediated recovery of intracellular pH is monitored as the subsequent timeKlependent 
Increase BCECF fluorescence. The potency of the combinations of the compounds of 
fomiula I of this invention with NHE-1 inhibitors is calculated as the concentration that 
reduces recovery of intracellular pH by 50% (IC«). Under these conditions reference 
NHE inhibitors amlloride and HOE-642 had IC, values for human NHE-I of 50 nM 
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and 0.5 jiM. respectively. 

As background Infonnation. ft Is noted that brief periods of myocardial 
ischemia followed by coronary artery reperfusion protects the heart from subsequent 
severe myocardial ischemia (Muny et al.. Circulation 74:1124-1136. 1986). 

. The therapeutic effects of the combination of the compounds of fomiula I of 
this invention with NHE-1 inhibitors in preventing heart tissue damage resulting from 
an ischemic insult can be demonstrated in vitro along lines presented in Uu et al. 
(Cardlovasc. Res.. 28:1057-1061. 1994). as described specifically herein. 
Cardioprotection. as indicated by a reduction in infarcted myocardium, can be induced 
25 pham^cologicaliy using adenosine receptor agonists in Isolated, retrogradely 

perfused rabbit hearts as an /n wtro model of myocardial ischemic preconditioning (Uu 
eta/.. Cartlibvasc; Res- 28:1057-1061. 1994). The in vflTD test described b^^ 

demonstrates that a test compound or. in this case a test combination (ie.. a 
combination of a compound of fbmtula I with an IMHE-1 antagonist) can also 
30 pham«cologlcally Induce cardtoprotedlon. i.e.. reduced myocardial infarct size, when 
administered to a rabbft Isolated heart. The effects of the test combination are 
compared to ischemic preconditioning and the A1/A3 adenosine agonist. APNEA (N«- 
l2-(4-aminophenyl)ethyl]adenosine). thathas been shown to pham;acolog.cally 
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induce cartioprotection in the rabbit isolated heart (Uu at ai. Cardiovasc. Res.. 
28-1057-1061. 1994). The exact methodology Is described below. 

The protdcol used for these experimerts dosely follows that described by Uu 
etal Cardiovasc. Res.. 28:1057-1061. 1994. Male New Zealand White rabbits (3^ 
kg) are anesthetized with sodium perrtobart^ltal (30 mgflcg. i.v.). After deep anesthesia 
is achieved (detemiined by the absence of an ocular blink reflex) the animal is 
intubated and ventilated with 100% O, using a positive pressure ventilator. A left, 
thoracotomy is perfom,ed. the heart exposed, and a snare (2-0 silk) is placed loosely 
around a prominent branch of the left coronary arte^r. approximately 2/3 of the 
distance towards the apex of the heart The heart Is removed from the chest and 
rapidly (<30 sec) mounted on a Langendorff apparatus. The heart Is retrogradely 
perfused in a non-recirculating manner with a modified Krebs solution (NaC1 118.5 
mM. KQ 4.7 mM. Mg SO. 1.2 mM. KH^. 1.2 mM. NaHCO, 24.8 mM. CaCi, 2.5 
mM and glucose 1 0 mM). at a constant pressure of 80 mmHg and a temperature of 
37-C Perfusate pH is maintained at 7.4-7.5 by bubbling with 95% 0^5»/o CO, Heart 
temperature is tightly controlled by using heated resen/oirs forthe physiological 
solution and water jacketing around both the perfusion tubing and the isolated heart 
Heart rate and left ventricular pressures are detemiined via a latex balloon which is 
inserted in the left ventricle and connected by stainless steel tubing to a pressure 
transducer. The intraventricular balloon is inflated to provide a systolic pressure of 80- 
100 mmHg, and a di^tolic pressure 5 10 mmHg. Total coronary flow is also 
continuously monitored using an inline flow probe and nomialized for heart weight 
The heart is allowed to equifibrate for 30 minutes, over which time the heart 
must show stable left ventricular pressures within the parameters outlined above. If 
25 the heart rate fails below 180 bpm at any time prior to the 30 minutes period of 
regional Isdiemia. the heart is paced at about 200 bpm for the remainder of the 
experiment Ischemic precondlUoning is induced by total cessation of cardiac 
perfusion (global ischemia) for 5 minutes, followed by reperfusion for 10 minutes. The 
regional ischemia is provided by tightening the snare around the coronary artery 
30 branch. Following the 30 minutes regional ischemia, the snare is released and the 
heart reperfused for an additional120 minutes. 

PhamTacological cardioprotedion is Induced by infusing the test comblnabon. 
l.e.. a combination of a compound of fomiula I with an NHE-I Inhibtor, at 
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predetermined concentrations, starling 30 minutes prior to the 30 minutes regional 
ischemia, and continuing until the end of the 120 minutes reperfusion period. Hearts 
which receive the test combination do not undergo the period of ischemic 
preconditioning. The reference compound. APNEA (500 nM) Is perfused through 
5 hearts (which do not receive the test compound) for a 5 minutes period which ends 10 
minutes before the 30 minutes regional ischemia. 

At the end of the 120 minutes reperfusion period, the coronary artery snare is 
tightened, and a 0.5% suspension of fluorescent zinc cadmium sulfate particles (1-10 
yM) Duke Scientific Corp.{Palo Alto. CA) is perfused through the heart this stains all 
.10 of the myocardium, except that area-at-risic for infarct development (area-at-risk). TTie 
heart is removed from the Langendorff apparatus, blotted dry. wrapped in aluminum 
fon and stored overnight at -20'C. The next day. the heart is sliced into 2 mm 
transverse sections from the apex to the top of the ventricles. The slices are stained 
with 1 % triphenyl tetrazolium chloride (TTC) in phosphate-buffered saline for 20 
1 5 minutes at 37'C. Since TTC reacts with living tissue (containing NAD-dependent 
dehydrogenases), this stain differentiates between living (red stained) tissue, and 
dead tissue (unstained Infarcted tissue). The infarded area (no stain) and the area- 
at-risk (no fluorescent particles) are calculated for each slice of left ventricle using a 
precaBbrated Image analyzer. To nonnalize the ischentic Injury for differences in the 
20 area-at-risk between hearts, the data is expressed as the ratio of infarct area vs. area- 
at-risk (%IA/AAR). All data are expressed as mean ± SE and compared statistically 
using a Mann-Whitney non-parametric test with a Bonferroni correction for multiple 
comparisons. Significance is considered as p < 0.05. 

The results from tiie above in wtro test demonstrate ttiat a combination of a 
25 compound of tinis invention witti an NHE-1 inhibitor induce significant cardioprotedion 

relative to Uie control group. 
- The therapeutic effects of a combination of a compound of fbmiula 1 of this 

invention with, an NHE-1 inhibitor in preventing heart tissue damage otiienwise 
resulting from an Ischemic insult can also be demonstrated in vivo along Unes 
30 presented In Uu et al. (Circulation. Vd. 84:350-356. 1991) as described spedfically 
herein. The frj vrvo assay tests tiie cardioprotedion of tiie test combination, i.e.. a 
compound of formula I togetiierwltii an NHE-1 inhibitor, relative to tiie contrd group 
which receives saline veNde. Cardioprotedion. as indicated by a reduction In 
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infarcted myocardium, can be Induced phamnacologicalty using intravenously 
administered adenosine receptor agonists in intact anesthetized rabbits studied as an 
in situ model of myocardial ischemic preconditioning (Liu et al.. Circulation 84:350- 
356. 1991). The in vivo assay tests whether the instant combination of a compound of 
5 fomnula I with an NHE-1 inhibitor can phamfiacologically induce cardioprotection, Le., 
reduced myocanjial infarct size, when parenteralty administered to intact, 
anesthetized rabbits. The effects of the combination of a compound of fomnula I of 
this invention with an NHE-1 1 1nhibitor can be compared to ischemic preconditioning 
using the A1 adenosine agonist, N*-1-(phenyl-2R-isopropyl) adenosine (PIA) that has 
1 0 been shown to pharmacologically induce cardioprotection in intact anesthetized 

rabbits studied in s«i/ (Uu et aL, Circulation 84:350-356, 1991). The methodology is 
described below. 

Suroefv: New Zealand White male rabbits (3-4 kg) are anesthetized with sodium 
pentobarbital (30 mg/kg, i.v.). A tracheotomy is perfomied via a ventral midline 

1 5 cervical incision and the rabbits are ventilated with 1 00% oxygen using a positive 
pressure ventilator. Catheters are placed in tiie left jugular vein for drug 
administration and in the left carotid artery for blood pressure measurements. The 
hearts are tiien exposed tiirough a left tiioracotomy and a snare (00 silk) placed 
around a prominent branch of tiie left coronary artery. Ischemia is induced by pulling 

20 tiie snare tight and clamping it in place. Releasing tiie snare allows ttie affected area 
to reperfuse. Myocardial ischemia is evidenced by regional cyanosis; reperfiision is 
evidenced by reactive hyperemia. 

Protocol: Once arterial pressure and heart rate have been stable for at least 30 
minutes the test Is started. Ischemic preconditioning is induced by occluding the 

25 coronary artery for 5 minutes followed by a 1 0 minutes reperfusion. Phamiacological 
preconditioning Is Induced by infusing tiie test combination, i.e., a combination- of a 
compound of fomriula I of Ms invention witii an NHE-1 Inhibitor, over, for example, 5 
minutes and allowing 10 minutes before furtiier Intervention or by infusing ttie 
adenosine agonist, PIA (0.25 mg/kg). Following ischemic preconditioning, 

30 pharmacological preconditioning or no conditioning (unconditioned, vehicle control) 
tiie artery is occluded for 30 minutes and then reperfused for two hours to induce 
myocardial infarction. The test combination and PIA are dissolved in saline or other 
suitable vehide and delivered at 1 to 5 mg/kg, respectively. 
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Stainina (Uu et aL Circulation 84:350-356.1991): At the end of the 2 hour 
reperfusion period, the hearts are quickly removed, hung on a Langendorff apparatus, 
and flushed for 1 minute with nomial saline heated to body temperature (38*C). The 
silk suture used as the snare is then tied tightly to reocclude the artery and a 0.5% 
5 suspension of fluorescent zinc cadmium sulphate particles (1-10 pm) Duke Sdenflfic 
Corp. (Palo Alto, CA) is infused with the perfusate to stain all of the myocardium 
except the area at risk (nonfluorescent ventricle). The hearts are then quickly frozen 
and stored overnight at •20*c. On the following day, the hearts are cut into 2 mm 
slices and stained with 1% triphenyl tetrazolium chloride (TTC). Since TTC reacts 
10 with living tissue, this stain differentiates between living (red stained) tissue, and dead 
tissue (unstained infarcted tissue). The Infarcted area (no stain) and the area at risk 
(no fluorescent particles) are calculated for each slice of left ventricle using a pre- 
calibrated Image analyzer. To nomnalize the ischemic injury for differences in the area 
at risk between hearts, the data is expressed as the ratio of in&rct area vs. area at 
1 5 risk (%1A/AAR). All data are expressed as Mean±SEM and compared statistically 
using single factor ANOVA or Mann Whitney non parametric test Significance is 
considered as p<0.05. 

The combination of a compound of formula I of this invention with an NHE-1 
inhibitor can be tested for their utility in reducing or preventing ischemic injury in non- 
20 cardiac tissues, for example, the brain, or the liver, utilizing procedures reported in the 
scientific literature. The combination of a compound of formula I of this invention with 
an NHE-1 inhibitor in such tests can be administered by the preferred route and 
vehicle of administration and at the preferred time of administration either prior to the 
ischemic episode, during the ischemic episode, following the ischemic episode 
25 (reperfusion period) or during any of the below-mentioned experimental stages. 

The benefit of the combination of NHE-1 inhibitors and compounds of fbmnula I 
of this invention to reduce ischemic brain damage can be denronstrated, for example, - 
in mammais using the method of Parte, etal (Ann. Neurol. 1988;24:543-551), 
According to the procedure of Parte, et al., adult male Sprague Dawley rats are 
30 anesthetized initially with 2% halothane, and thereafter by mechanicai ventilation with 
a nitrous oxide-oxygen mixture (70%:30%) containing 0.5-1% halothane. A 
tracheostohiy is then peribmned. The stroke volume of the ventilator is adjusted to 
maintain arterial cart)on dioxide tension at approximately 35 mm Hg and adequate 
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arterial oxygenation (PaO,>90 mm Hg). Body temperature can be monitored by a 
rectal thermometer, and the animais can be maintained nomnothermic. If necessary, 
by external heating. The animals next undergo subtemporal craniectomy to expose 
the main tmnk of the left middle cerebral artery (MCA) under an operating 
5 microscope, and the exposed arteiy is ocduded with microbipolar coagulation to 
generate large ischemic lesions in the cerebral cortex and basal ganglia. After three 
hours of MCA occlusion, the rats are deeply anesthetized with 2% halothane and a 
thoracotomy is performed to inftjse heparinized saHne into the left ventricle. The 
effluent Is collected via an indsion of the right atrium. The saline washout is followed 
1 0 by approximately 200 ml of a 40% formaldehyde, glacial acetic add and absolute 
methanol solution (FAM; 1:1:8, v/v/v). then the animals are decapitated and the head 
is stored in fixative for 24 hours. The brain is then removed, dissected, ennbedded in 
paraffin wax. and sectioned (approximately 100 sections 0.2mm per brain). The 
sections are then stained with hematoxylin-eosin or wHh a combination of cresyl violet 
1 5 and Luxol fast blue, and examined by light microscopy to Identify and quanttate the 
ischemic damage using a precaBbrated image analyzer. The Ischemic volumes and 
areas are expressed in absolute units (mrrf and mm*) and as a percentage of the total 
region examined. The effect of the compositions and methods of this invention to 
reduce ischemic brain damage induced by MCA ocdusion is noted based on a 
20 reduction in the area or volume of relative or absolute ischemic damage in the brain 
sections from the rats in the treatment group compared to brain secfions from rats in a 
placebo-treated control group. 

Other methods which could altemafively be utilized to demonstrate the benefit 
of the invention to reduce ischerrtc brain damage indude those described by 
25 Nakayama. et al. in Neurology 19B8. 38:1667-1673; Memezawa. et al. in Stroke 1992, 
23:552-559; Folbergrova. et al. In Proc. Natl. Acad. Sd 1995. 92:5057-5059; and 
GotB. et al. in Brain Res. 1 990, 522:290-307. 

The benefit of the compositions and methods of this invention to reduce 
ischemic liver damage can be demonstrated, for example, in mammals using the 
30 method of Yokoyama. et al. (Am. J. Physid. 1 990;25a:G554-G570). According to the 
procedure of Yokoyama, et al.. fasted adult male Sprague Dawley rats are 
anesthatiiBd with sodium pentobarbital (40 mg/kg i.p.), then the animals are 
tracheotomlzed and mechanically ventilated with room air. The liver is extirpated and 
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piaced in an environmental chamber maintained at constant temperature (37 «C). then 
perfused through the portal vein at a constant pressure of 15 cm HjO with a modified, 
hemoglobln-free Krebs-Henseleit buffer (in mM: 1 18 NaCl, 4.7 KCI, 27 NaHCO,, 2.5 
CaClj, 1.2 IVIgS04, 1^ KH2PO4. 0.05 EDTA, and 11 mM glucose, plus 300 U heparin). 
5 The pH of the perfusate is maintained at 7.4 by gassing the buffer with 95% Oj - 5% 
CO2. Each liver is perfijsed at a flow rate of 20 ml/minutes in a single-pass manner for 
a 30 minutes washout and equilibration period (preischemic period), followed by a 2 
hour period of global Ischemia, and then a 2 hour period of reperfusion under 
conditions identical to the preischemic period. ATiquots (20 ml) of the perfusate are 

1 0 collected during the preischemic period, immediately after the occlusive ischemic 
period, and every 30 minutes of the 2 hour reperfusion period. The perfusate 
samples are assayed for the appearance of hepatocellular enzymes, for example, 
aspartate amino-transferase (AST), alanine amino-transferase (ALT), and lactate 
dehydrogenase (LDH). which are talcen to quantitatively reflect the degree of ischemic 

1 5 liver fissue damage during the procedure. AST, ALT, and LDH activities in the 

perfusate can be detemiined by several methods, for example, by the reflectometry 
method using an automafic Kodak Ektachem 500 analyzer reported by Nakano, et al. 
(Hepatology 1995;22:539-545). The effect of the compositions and methods of this 
Invention in reducing Ischemic liver damage induced by occlusion is noted based on a 

20 reduction in the release of hepatocellular enzymes immediately following the occlusive 
period and/or during the postischemic-reperfusion period in the perfused livers from 
the rats in the treatment group compared to perfused livers from rats in a placebo- 
treated control group. 

Other methods and parameters which could alternatively be utilized to 

25 demonstrate the benefit of the compositions and methods of this invention in reducing 
ischemic liver damage include those described by Nakano, et al. (Hepatology 
1995;22:539.545). 

Any glycogen phosphorytase inhibitor may be used as the second compound 
of this invention. The temn glycogen phosphorylase inhibitor refers to any substance 
30 or agent or any combination of substances and/or agents which reduces, retards, or 
eliminates the enzymatic action of glycogen phosphorylase. The cun-ently known 
enzymatic action of glycogen phosphorylase is the degradation of glycogen by 
catalysis of the reversible reaction of a glycogen macromolecule and inorganic 
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phosphate to glucose-1-phosphate and a glycogen macromolecule which is one 
glucosyl residue shorter than the original glycogen macromolecule (fonvard direction 
of glycogenolysis). Such actions are readily detemiined by those skilled in the art 
according to standard assays (e.g., as described hereinafter). A variety of these 

5 compounds are included in the following published PCT patent applications: PCT 
application publication WO 96/39384 and W096/39385. However, other glycogen 
phosphorylase inhibitors will be known to those skilled in the art. 

Compounds of fonnula I. prodmgs thereof, mutual prodrugs of the compounds 
of formula I with aldose reductase inhibitors, pharmaceutically acceptable salts of any 

10 of the above and pharmaceutical compositions comprising a compound of formula I, a 
prodrug thereof or a pharmaceutically acceptable salt of said compound or said 
prodrug arid either (a) an aldose reductase inhibitor, a prodrug thereof or a 
pharmaceutically acceptable salt of saki aldose reductase inhibitor or said prodrug, (b) 
a NHE-1 inhibitor, a prodmg thereof or a pharmaceutically acceptable salt of said 

1 5 NHE-1 inhibitor or said prodrug, or a glycogen phosphorylase inhibitor, a prodmg 

thereof or a pharmaceutically acceptable salt of said glycogen phosphorylase- inhibitor 
or said prodrug are hereinafter refenned to, collectively, as "the active compounds and 
comopositibns of this invention." 

The adive compounds and compositions of this Invention may be 

20 administered to a subject in need of treatment by a variety of conventional routes of 
administration, Including orally, parenterally and topically. In general, compounds of 
the fonmula I and their pharmaceutically acceptable salts will be administered orally or 
parenterally at dosages between about 0.001 and about 100 mg/kg body weight of the 
subject to be treated per day, preferably from about 0.01 to 10 mg/kg, in single or 

25 divided doses. Mutual prodmgs of compounds of the formula 1 and aldose reductase 
inhibitors will generally be administered orally or parenterally at dosages between 
about 0.001 and about 100 mg/kg body weight of the subject to be treated per day, 
preferably from about 0.01 to about 10 mg/kg. in single or divided doses. 
Compositions containing both a compound of the formula I and an aldose reductase 

30 inhibitor will generally be administered orally or parenterally at dosages between 
about 0.001 and about 100 mg of each active component O-e., the compound of 
formula I and the aldose reductase inhibitor) per kg body weight of the subject to be 
treated per day. preferably from about 0.01 to about 10 mg/kg. Compositions 
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containing both a compound of formula I and a NHE-1 Inhibitor v^ll generally be 
administered orally or parenterally at dosages between about 0.001 and 100 mg of 
said compound of fomriula I per kg body weight of the subject to be treated per day 
and about 0.001 to 100 mg/kg/day of the NHE-1 inhibitor. An espedaily prefenBd 
5 dosage contains between about 0.01 and 10 mg/kg/day of said compound of formula I 
and between about 0.01 and 50 mg/kg/day of said NHE-1 Inhibitor. Compositions 
containing both a compound of fomnula I and a glcogen phosphorylase inhibitor will 
generally be administered orally or parenterally at dosages between about 0.001 and 
1 00 mg of said compound of fonnula I per kg body weight of the subject to be treated 

10 per day and 0.005 to 50 mg/kg/day of said glycogen phosphorylase inhibitor, 
preferably 0.01 and 1 0 mg/kg/day of said compound of formula and 0.01 to 25 
mg/kg/day of said glycogen phosphorylase inhibitor and most preferably 0.01 and 10 
mg/kg/day of said compound of formula and 0.1 to 15 mg/kg/day of said glycogen 
phosphorylase Inhibitor. However, some variation in dosage will necessarily occur 

15 depending on the condition of the subject being treated. The person responsible for 
administration will, in any event, detemiine the appropriate dose for the individual 
subject 

The active compounds and compositions of this Invention may be 
administered alone or in combination vwth phanmaceutically acceptable carriers, in 

20 either single or multiple doses. Suitable pharmaceutical carriers indude inert solid 
diluents or fillers, sterile aqueous solutions and various organic solvents. The 
pharmaceutical compositions fomned by combining the active compounds of fonnula I 
of this invention and the phannaceuticaliy acceptable earners are then readily 
adnninistered in a variety of dosage forms such as tablets, powders, lozenges, syrups, 

25 injectable solutions and the like. These pharmaceutical compositions can. if desired, 
contain additional ingredients such as flavorings, binders, exctpients and the like. 
Thus, for purposes of oral administration, tablets containing various exdpients such 
as sodium dtrate, caldum carbonate and caldum phosphate may be employed along 
with various disintegrants such as starch, alginic add and certain complex silicates, 

30 together with binding agents such as polyvinylpyrrolidone, sucrose, gelatin and 
acada. Additionally, lubricating agents such as magnesium stearate, sodium lauryl 
sul^te and talc are often- useful for tabletUng purposes. Solid compositions of a 
similar type may also be employed as fillers in soft and hard filled gelatin capsules. 
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PrefBTOd materials for this indude lactose or milk sugar and high molecular weight 
polyethylene glycols. When aqueous suspensions or elixirs are desired for oral 
administration, the essential acflve ingredient therein may be combined with various 
sweetening or flavoring agents, coloring matter or dyes and. If desired, emulsifying or 
5 suspending agents, together with diluents such as water, ethanol, pnspylene glycol, 
glycerin and combinations ttiereof. 

For parenteral administration, solutions of the active compounds and 
compositions of this invention in sesame or peanut oil, aqueous propylene glycol, or in 
sterile aqueous solutions may be employed. Such aqueous solutions should be 

1 0 suitably buffered if necessary and the liquid diluent first rendered isotonic with 
sufficient safine or glucose. These particular aqueous solutions are especially 
suitable for intrayenous, intramuscular, subcutaneous and intraperitoneal 
administration. In this connection, the sterile aqueous media employed are all readily 
available by standard techniques known to those skilled in the art 

1 5 Administration of the compounds of formula I of this invention can be via any 

method which dePivers a compound of this invention preferentially to the desired tissue 
(e.g., nerve, kidney, retina and/or cardiac tissues). These methods indude oral 
routes, parenteral, intraduodenal routes, etc. Generally, the compounds of the present 
invention are administered in single (e.g.. once daily) or multiple doses or via constant 

20 infusion. 

The compositions of this invention comprising a compound of fomnula I in 
combination with an NHE-1 Inhibitor are useful, for example, in redudng or minimizing 
damage effected directly to any tissue that may be susceptible to 
ischemia/reperfuslon injury (e.g., heart, brain, lung, kidney, fiver, gut skeletal musde, 
25 retina) as the result of an ischenrac event (e.g.. myocardial infarction). The 
composition is therefore usefully employed prophyiactically to prevent i.e. 
' (prospectively or prophyiactically) to blunt or stem, tissue damage (e.g.. myocardial 
tissue) in patients who are at risk for ischemia (e.g., myocardial ischemia). 

Generally, a compouned of formula 1 of this Invention is administered orally, or 
30 parenterally (e.g.. intravenous. Intramuscular, subcutaneous or Intramedullary). 
Topical administration may also be Indicated, for example, where the pafient is 
suffering from gastrointestinal disorders or whenever the medication is best applied to 
the surface of a tissue or organ as determined by the attending physidan. 
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The amount and timing of compounds administered will, of course, be 
dependent on the subject being treated, on the severity of the affliction, on the manner 
of administration and on the judgement of the prescribing physician. Thus, because of 
patient to patient variability, the dosages given below are a guideline and the 
5 physician may titrate doses of the drug to achieve the treatment that the physician 
considers appropriate for the patient in considering the degree of treatment desired, 
the physician must balance a variety of factors such as age of the patient, presence of 
preexisting disease, as well as presence of other diseases. 

Thus, for example, in one mode of administration the compounds of formula I 
1 0 of this invention may be administered just prior to surgery (e.g.. within twenty-four 
hours before surgery for example cardiac surgery) during or subsequent to surgery 
(e.g., within twenty-four hours after surgery) where there is rislc of myocardial 
ischemia. The compounds of formula I of this invention may also be administered in a 
chronic daily mode. 

1 5 The compounds of the present invention are generally administered in the 

form of a pharmaceutical composition comprising at least one of the compounds of 
fomiula I of this invention together with a pharmaceutically acceptable vehicle or 
diluent Thus, the compounds of fomnula I of this invention can be administered 
individually or together in any conventional oral, parenteral, rectal or transdemial 

20 dosage fomn. 

For purposes of transdermal (e.g..topical) administration, dilute sterile, 
aqueous or partially aqueous solutions (usually in about 0.1% to.5% concentration), 
othenvise similar to the above parenteral solutions, are prepared. 

Methods of preparing various phannaceutical compositions with a certain 

25 amount of active ingredient are known, or will be apparent in light of this disclosure, to 
those skilled in this art For examples of methods of preparing pharmaceutical 
compositions, see Remington's Pharmaceutica l Sciences. Mack Publishing Company. 
Easton, Pa.. 1 9th Edition (1 995). 

Phannaceutical compositions according to the Invention may contain for 

30 example 0.0001 %-95yo of ttie compound(s) of this invention, in any event, the 

composition or forniulation to be administered will contain a quantity of a compound(s) 
according to the invention In an amount effective to treat ttie disease/condition of tiie 
subject being treated. 
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The two different compounds of this combination of this invention can be co- 
administered simultaneously or sequentially in any order, or as a single 
phanroceutical composition comprising a compound of Fonnula I and an aldose 
reductase inhibitor as described above or a glycogen phosphorylase inhibitor as 
5 described above or a cardiovascular agent 

Since the present invention has an aspect that relates to the treatment of the 
disease/conditions described herein with a combination of active ingredients which 
may be administered separately, the Invention also relates to combining separate 
pharmaceutical compositions In kit tonxi The kit comprises two separate 

1 0 pharmaceutical compositions: a compound of Formula 1 a prodmg thereof or a salt of 
such compound or prodrug and a second compound as described above. The kit 
comprises means for containing the separate composiUons such as a container, a 
divided bottle or a divided foil packet Typically the kit comprises directions for the 
administration of the separate corrponents. The kit fomn is particulariy advantageous 

1 5 when the separate components are preferably administered in different dosage forms 
(e.g.. oral and parenteral), are administered at different dosage intervals, or when 
titration of the individual components of the combination is desired by the prescribing 
physician. 

An example of such a kit is a so-cailed blister pack. Blister packs are well 
20 known in the packaging industry and are being widely used for the packaging of 
pharmaceutical unit dosage fornis (tablets, capsules, and the like). Blister packs 
generally consist of a sheet of relatively stiff material covered with a foil of a preferably 
transparent plastic material. During the packaging process recesses are formed In 
the plastic foil. The recesses have the size and shape of the tablets or capsules to be 
25 packed. Next the tablets or capsules are placed in the recesses and the sheet of 
relatively stiff material is sealed against the plastic foil at the face of the foil which is 
opposite from the direction in which the recesses were formed. As a result the tablets 
or capsules are sealed in the recesses between the plastic foil and the sheet 
Preferably "the strength of the sheet is such that the tablets or capsules can be 
30 removed from the blister pack by manually applying pressure on the recesses 

whereby an opening is formed In the sheet at the place of the recess. The tablet or 
capsule can then be removed via said opening. 



wo 00/59510 



PCT/IBOO/00296 



•143- 

It may be desirable to provide a memory aid on the kit, e.g.. in the form of 
numbers next to the tablets or capsules whereby the numbers con-espond with the 
days of the regimen which the tablets or capsules so specified should be Ingested. 
Another example of such a memory aid is a calendar printed on the card, e.g., as 
5 follows "First Week. Monday. Tuesday, ...etc... Second Week, Monday. Tuesday,..." 
etc. Other variattons of memory aids will be readfly apparent A "dally dose" can be a 
single tablet or capsule or several pills or capsules to be taken on a given day. Also, a 
dally dose of Formula I compound can consist of one tablet or capsule while a daily 
dose of the second compound can consist of several tablets or capsules and vice 

10 versa. The memory aid should reflect this. 

In another specific embodiment of the invention, a dispenser designed to 
dispense the daily doses one at a time in the order of their intended use is provided. 
Preferably, the dispenser is equipped with a memory-aid, so as to further fadlitate 
compliance with the regimen. An example of such a memory-aid is a mechanical 

1 5 counter which indicates the number of dally doses that has been dispensed. Another 
example of such a memory-aid is a battery-powered micro-chip memory coupled with 
a liquid crystal readout, or audible reminder signal which, for example, reads out the 
date that the last daily dose has been taken and/or reminds one when the next dose is 
to be taken. 

20 The compounds of formula 1 of this invention generally will be administered in 

a convenient fomriulation. The following formulation examples are illustrative only and 
are not Intended to limit the scope of the present invention. 

In the foriTUJlations which follow, "active ingredienf means a compound(s) of 
this invention. 

25 Formulation 1 : Gelatin Capsules 



Hard gelatin capsules are prepared using the following: 



Ingredient 


Quantity (mg/capsuie) 


Active ingredient 


0^5-100 


Stardi. NF 


0-650 


Starch fiowable powder 


0-50 


Siiicone fluid 350 centistolces 


0-15 



A tablet formulation is prepared using the ingredients below: 
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Formulation 2: Tablets 



Ingredient Quantity (mg/tablet) 
Active ingredient 025-100 
Cellulose, microcrystalline 200-650 
Silicon dioxide, fumed 10-€50 
Stearateadd 5-15 

The components are blended and compressed to form tablets. 
Alternatively, tablets each containing 0.25-100 mg of active ingredients are 
made up as follows: 
5 Fomiulation 3: Tablets 

Ingredient Quantity (mg/tablet) 

Active ingredient 0.25-100 

Starch 45 

Cellulose, microcrystalline 35 

Polyvinylpyrrolidone (as 1 0% solution in water) 4 

Sodium carboxymethyl cellulose 4.5 

Magnesium stearate 0.5 

Talc 1 

The active ingredient, starch, and cellulose are passed through a No, 45 mesh 
U.S. sieve and nnixed thoroughly. The solution of polyvinylpyrrolidone is mixed with 
the resultant powders which are then passed through a No. 14 mesh U.S. sieve. The 
granules so produced are dried at 50" - 60'C and passed through a No. 18 mesh U.S. 
1 0 sieve. The sodium carboxymethyl starch, magnesium stearate, and talc, previously 
passed through a No. 60 U.S. sieve, are then added to the granules which, after 
mbdng, are compressed on a tablet machine to yield tablets. 

Suspensions each containing 0.25-100 mg of active ingredient per 5 ml dose 
are made as follows: 
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Formulation 4: Suspensions 



Ingredient 



Quantity (mg/5 ml) 



Active ingredient 

Sodium carboxymethyl cellulose 

Syrup 

Benzoic add solution 



0J25-100mg 
50 mg 
1.25 mg 
0.10 mL 



Ravor 



q.v. 



Color 



q.v. 
5mL 



Purified Water to 



10 



The active ingredient is passed tiirougli a No. 45 mesh U.S. sieve and mixed 
with the sodium carboxymethyl cellulose and synjp to form smooth paste. The 
benzoic add solution, flavor, and color are diluted with some of the water and added, 
with stirring. Suffident water is then added to produce the required volume. An aerosol 
solution is prepared containing the following ingredients: 



Fomiulation 5: Aerosd 



ingredient 


Quantity (% by weight) 


Acth^e ingredient 


tO.25 


Ethanol 


25.75 


Propeliant 22 (Chtorodifluoromethane) 


74.00 



The active ingredient is mixed with ethanol and the mixture added to a portion 
of the propeliant 22, cooled to 30"C. and transfenred to a filling device. The required 
amount Is then fed to a stainless steel container and diluted with the renoaining 
propeliant The valve units are then fitted to the container. 
Suppositories are prepared as follows: 
Formulation 6: Suppositories 



Ingredient 


Quantity (mg/suppository) 


Active ingredient 


250 


Saturated fatty add gtycerides 


2.000 



The active ingredient is passed through a No. 60 mesh U.S. sieve and 
suspendec} in the saturated fatty add glycerides previously melted using the minimal 
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necessary heat The mixture is then poured into a suppository mold of nominal 2 g 
capacity and aiiowed to cooL 



An intravenous fbmiulafion is prepared as follows: 

Formulation 7: Intravenous Solution 



Ingredient 


Quantity 


Active ingredient 


25 mg-1 0,000 mg 


isotonic saline 


1,000 mL 



5 The solution of the above ingfBdients is intravenously administered to a 

patient 

The active ingredient above may also be a combination of agents. 
GENERAL EXPERIMgNTTAL PROCEDURES 
Melting points were detenmined on a Thomas-Hoover capillary melting point 

1 0 apparatus, and are uncorrected. NMR spectra were obtained on a Brulcer AM-250 
(Bnjker Co.. Billerica, Massachusetts), a Bailcer AM-SOO, a Varian XL-300 (Varian 
Co., Palo Alto, California), or a Varian Unity 400 at about 23 *C at 250, 300, or 400 
MHz for proton. Chemical shifts are reported in parts per million (5) relative to residual 
chlorofomi (7.26 ppm), dimethylsulfoxide (2.49 ppm), or methanol (3.30 ppm) as an 

15 internal reference. The peak shapes and descriptors for the peak shapes are denoted 
as follows: s, singlet; d. doublet; t, triplet; q. quartet; m, multiplet; c, complex; br. broad; 
app, apparent Low-resolution mass spectra were obtained under thermospray (TS) 
conditions on a Fisons (now Micromass) Trio 1000 Mass Spectrorheter (Micronr^ass 
Inc., Beverly. Massachusetts), under chemicaWonization (CI) conditions on a Hewlett 

20 Packard 5989A Partide Beam Mass Spectrometer (Hewlett Packard Co.. Palo Alto, 
California), or under atmospheric pressure cherrical ionization (APCI) on a Fisons 
(now Micromass) Platform II Spectrometer. Optical rotations were obtained on a 
Perkin-Elmer 241 MC Polarimeter (Perldn-amer. Nonivalk, Connecticut) using a 
standand patti length of 1 dcm at about 23 "C at the indicated concentration in the 

25 indicated solvent 

Liquid column chromatography was performed using forced flow (flash 
chromatography) of the indicated solvent on either Baker Silica Gel (40 pm. J. T. 
Baker, Phillipsburg. New Jersey) or Silica Gel 60 (EM Sciences, Glbbstown, New 
Jersey) in glass columns or using low nitrogen or air pressure in Flash 40^ or Flash 
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- 12~ (Biotage.Chariotlesvllle. Virginia) cartridges. Radial chromatography was 
performed using a Chromatron {Harrison Research, Palo Alto, Calffomia). The tenns 
"concentrated" and "evaporated" refer to removal of solvent using a rotary evaporator 
at water aspirator pressure or at similar pressures generated by a BDchi B-171 
5 Vacobox (Brinkmann Instruments. Inc.. Westbury, New Yoric) or a BQchi B-177 

Vaoobox with a bath temperature equal to or less than 50 •'C. Reactions requiring the 
use of hydrogen gas at pressures greater than 1 atmosphere were ain using a Pan- 
hydrogen apparatus (Pan- Instrument Co.. Moiine, Illinois). Unless otherwise 
spedfied, reagents were obtained from commerdal sources. The abbreviations "d", 
10 "h-. and "min" stand for -day{s)*. -hour(s)", and -minute(s)-. respectively. 

.r4^4-Quinoxalin-2-vl-DiDerazin-1 -vlVDvrimldin-2-vn -ethanol. 



Me*" 

OH 




Step A: rRVI -r4-f4-0uinQxalin>2-vl>DiD6razin>1 -vl WDvrimidln -2-vn-ethvi acetate. To a 
1 5 solution of (R)-1 .(4-chloro-pyrimidin-2-yl)-ethyi acetate (prepared according to the 
method of Preparation Rve, 7.3 g, 36.2 mmol) in isopropanol (240 mL) was added 
triethyiamine (10:1 mL. 72.4 mmol) followed by 2-(1-piperazinyl)quinoxaiine (10.1 g. 
47.1 mmol; J. Med. Chem. 1981, 24, 93). This mbcture was stirred at room 
temperature overnight then concentrated. The residue was diluted with saturated 
20 aqueous sodium bicarbonate and extracted with chloroform (5x). The combined 
organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by 
flash column chron^tography (2% methanol/chiorofonn) to give 12.4 g (91%) of the 
title compound of Example 1 . Step A as a yellow foara NMR (CDCI3. 250 MHz) 6 
* bIiTs^Ih). 8.27 (d. 1H). 7.91 (dd, 1H). 7.72 (dd. 1H). 7.61 (td. 1H). 7.44 (td. 1H). 
25 6.43 (d, IHj. 5.70 (q. 1H). 3.95-3.84 (c. 8H). 2.18 (s. 3H). 1.61 (d. 3H); MS (CmH^) 
379 (MH*). 

Step B: fRVl-f4-f4-QuinQxalin-2-vl>Diperazih-1.-vlVDvrimidl n-2-vn-ethanol. To a 
solution of (R)-H4-{4-quinoxalin-2-yl-pipera2in-1-yl)i)yrimidin-2-yl]-ethyl acetate 
(prepared according to the method of Example 1 . Step A, 14.1 g. 37.2 mmol) In a 
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3:1:1 mixture of tetrahydrofurart/water/methanol (375 mL) was added lithium 
hydroxide hydrate (4.7 g, 1 12 mmol). This mbrture was stirred at room temperature 
far 1 h 45 min, concentrated, and extracted with chloroform (6x). The combined 
organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by 
5 flash column chromatography (2x; 2% methanol/chloroform) to give 1 1 .3 g (90%) of 
the title compound as a pale yellow solid after tritration with hexanes, mp: 106.5-108 
- -C; NMR (CDCI,. 250 MHz) 5 8.52 (s. 1 H). 8.26 (d. 1 H). 7.92 (dd. 1 H). 7.72 (dd, 
1H), 7.61 (td, 1H). 7.44 (td. 1H). 6.45 (d. 1H). 4.75 (m. 1H), 3.95-3.85 (c. 8H). 1.54 (d. 
3H); MS (CI/NH3) 337 (MH*); [a]o +15.3 (c 2.3. MeOH). 
10 Example 2 

f RV1 -r4-r4-OxazolQr5.4-clDvridin-2-vt-DiDera an-1 -vlVDvrimidin-2-vn-ethanol. 



Step A: rRV1-r4-f4-Oxa2Dlor5.4-clDvridin-2-vl'Dipera2in-1-v lVDvrimidin-2-vn-ethvl 
butvrate . To a solution of 2-(1-piperazinyl)oxa2olo[5,4-c]pyridine (775 mg, 3.8 mmol; 

15 J. Org. Chem, 1995, 60. 5721) in isopropanol (38 mL) was added {R)-1-(4-chIorD- 
pyrimidin-2-yl)-ethy! butyrate (prepared according to the method of Preparation 
Seven. 868 mg, 3.8 mmol) followed by triethyiamine (1.6 mU 1 1.4 mmol). This 
mbcture was stioed at reflux ovemight, cooled to room temperature, and evaporated. 
The residue was diluted with saturated aqueous sodium bicarbonate and extracted 

20 with chloroform (3x). The combined organic extracts were dried over sodium sulfate, 
filtered, evaporated, and purified by flash column chromatography (2x; 3% 
methanol/chlorofonn then 6->8% methanol/ethyl acetate, where used herein, the 

. • -^^ -anow symbol, Indicates a gradient) to give 1 .2 g (79%) of the fiHe compound of 
Example 2,.Step A as a pale yellow oil which solidified upon standing. NMR 

25 (CDCI3. 250 MHz) 8 8.57 (s. 1H). 8.39 (d. 1H), 828 (d, 1H). 7.30 (d. 1H). 6.44 (d. 1H). 
5.70 (q. 1H). 3.85 (s. BH), 2.42 (t, 2H). 1.78 -1.61 (c, 2H). 1.60 (d, 3H). 0.98 (t. 3H); 
MS (APCl) 397 (MH*). 

Step B: f R V1 44-f4-Qxa20lor5.4-clDvridirh2-vl-niDerazin-1 -viVovrimidin-2-vn-ethanol. 
To a solution of (R)-1-[4K4H3xazolo[5,4-c]pyridin-2-yl«piperazin-1-yl)-pyrimidin-2-yI]- 




OH 
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ethyl butyrate (prepared according to the method of Example 2. Step A. 1.2 g, 3.0 
mmol) in methanol (30 mL) was added potassium carbonate (823 mg. 6.0 mmol). 
This mixture was stin-ed at room temperature for 5 h, diluted with saturated aqueous 
ammonium diloride. concentrated, and extracted with chloroform (3x). The combined 
organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by 
flash column chromatography (6% methanoi/chlorofbmi) to give 915 mg (94%) of the 
title compound as a white solid after tritration with hexanes. mp: 181-183 •C; NMR 
(CDCtj. 300 MHz) 5 8.54 (d. 1 H), 8.35 (d, 1H), 8.25 (d. 1H), 7.27 (dd, 1H), 6.44 (d. 
1H), 4.71 (q. 1H). 4.25 (br s. 1H), 3.86-3.83 (C. 8H). 1.50 (d. 3H): MS (APCI) 327 
(MH^); [a]o +15.3 (c 0.5, MeOH). 

Example 3 

1 '-r2>n R-Hvdroxv^thvlVpvrimidin^viy4.4nbipiperidinvi-1 >vlVDvrimidin-2-vl V 
ethanol . 

Me*-/ 

OH OH 
1 5 A mixture of (R)-1 -(4-chlora-pyrimidin-2-yI)-ethano! (prepared according to the method 
of Preparation Ten. 100 mg, 0.63 mmol), 4,4'-bipiperidine dihydrochioride (76 mg. 
0.32 mmol), and triethylamine (0.44 mL, 3.2 mmol) in isopropanol (3 mL) was refluxed 
ovemight and cooled to room temperature. The reaction mixture was diluted with 
saturated aqueous sodium bicarbonate and extracted with chloroform (4x). The 
20 combined organic extracts were dried over sodium sulfate, filtered, evaporated, and 
purified by flash column chromatography (Biotage Flash 403"', 5% 
methanol/chloroform) to give 1 10 mg (85%) of the title compound as a white solid, 
mp: 144-153 X, NMR (CDCI3, 400 MHz) 5 8.14 (d, 2H), 6.36 (d, 2H). 4.67 (q, 2H). 
4.53-4.28 (c, 4H), 2.84 (t, 4H), 1.82 (d. 4H), 1.49 (d. 6H). 1.43-1.40 (c, 2H), 1.30-1.18 
25 (c. 4H): MS (APCI) 413 (MH^; [ak +22.6 (c 1.0. MeOH). 

Examples 4 to 8 

Examples 4 to 8 were prepared from the appropriate starting materials in a manner 
analogous to the method of Example 3. 



5 



10 
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Example 4 

lR-/444-r2>riR-Hvdroxv-ethviVDvrimidin^vn- ^R 5S-dimethvl-Dipera2lr^ 
pvrimidin>2-vlVethanol. 

Me 

Me'-/ Me )^Me 

OH OH 

5 mp: 153-155 'C, 'H NMR {CDCI,. 400 MHz) 5 823 (d, 2H). 6.40 (d, 2H), 4.71 (m. 2H). 
4.28 (dd. 2H). 3.51-3.45 (c. 4H), 1.51 (d. 6H). 1.23 (d, 6H): MS (APCI) 359 (MH*); [ak 
+18.6 (c 1.2, CHCy. 



OH HO 
Me—/ >""Me 



^^ N-Hnkef-» n— 



10 

Example N-linker-N mp ('C) MS (MH*) 

5 N,N'-ethylenBdianrane 141-143 333 

6 [1.4]diazepane 136-138 345 

7 4,4'-6thylenebipiperidine 441 

8 meth yl-piperidin-4-ylmethyl-amine 373 

Example 9 

fRV1.r4-/4-Oxazolof5.4-blDvridin-2-vl-Dioerazin-1-vlVDvrimldin-2-vn-ethanol . 



15 



OH 



Step A: 2»f1-PiDera2invnoxazolof5.4-blDvridine . A mixture of 2- 
(thiomethyl)oxazolo[5.4-b]pyridine (9.2 g. 55.5 mmol; J. Org. Chem. 1995. 60. 5721) 
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and piperazine (23.9 g. 277 mmol). with a small amount of ethyl acetate which was 
used for washing the compound down the sides of the flask, was heated at 90 ''C for 
1 .5 h. The reaction mixture was cooled to room temperature, diluted with *20% 
saturated aqueous sodium bicarbonate solution, and extracted with chloroform (Ax). 
5 The combined organic extracts were washed with saturated aqueous sodium 

bicarbonate (1x), dried over sodium sulbte, filtered, evaporated, and purified by flash 
column chromatography (3-»5% methanol/chloroform + 1% ammonium hydroxide) to 
give 9.1 g (81 %) of the title compound of Example 9, Step A as an off-white solid. 
NMR (CDCI3, 300 MHz) 5 7.92 (dd, 1H), 7,55 (dd. 1H), 7.10 (dd. 1H), 3.74-3.70 (c, 

10 4H), 3.02-Z97 (c, 4H); MS (APCI) 205 (MH*). 

Step B: f RV1 >f4^4-Oxa2olof5.4^blDvr1din-2-vl-DiDerazin-1 -vlVDvrimidin-2-vn-ethvl 
butvrate . To a solution of {R)-1-{4-chlorD-pyrimidin-2-yl)-ethyl butyrate (prepared 
according to the method of Preparation Seven. 6.8 g, 29.9 mmol) and triethylamine 
(12.5 ml, 89.6 mmol) in isopropanol (100 mL) was added 2-(1- 

15 piperazinyl)oxazolo[5,4-blpyridine (prepared according to the method of Example 9, 
Step A. 6.1 g, 29.9 mmol). This mixture was stimed at reflux overnight, cooled to room 
temperature, and evaporated. The residue was diluted with saturated aqueous 
sodium bicarbonate and extracted with diloroform (3x). The combined organic 
extracts were dried over sodium sulfate, filtered, evaporated, and purified by flash 

20 column chromatography (1 .5-^2% methanol/chloroform) to give 1 1 .1 g (94%) of the 
title compound of Example 9. Step B as a yellow oil which solidified upon standing. 
NMR (CDCI3, 250 MHz) 6 8.28 (d, 1H), 7.97 (dd. 1H). 7.60 (dd, 1H), 7,25 (dd. 1H), 
6.44 (d, 1H), 5.70 (q. 1H). 3.85 (app s. 8H). 2.42 (t, 2H). 1.78 -1.61 (c. 2H), 1.60 (d. 
3H). 0.98 (t, 3H): MS (APCI) 397 (MH*). 

25 Step C: fRV1>r4-f4-OxazolQr5.4-blDvridin-2-vl-DiDerazin-1>vlVDVrimidin>2-vn-^thanQ!. 
To a solution of (R)-1-[4H4-oxa20lo[5,4-b]pyridin-2-yl-piperazin-1-yl)i5yrin™din-2-yl}^ 
ethyl butyrate (prepared according to the method of Example 9, Step B, 1 1.0 g, 27.5 
mmol) in dioxane (1 1.5 mL) was added concentrated hydrochloric add (23 mU 276 
nrvnoi). This mixture was stin*ed at room temperature overnight neutralized with 6 N 

30 aqueous sodium hydroxide, and extracted with chloroform (3x). The combined 

organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by 
flash column chromatography (3.5% methanol/chloroform) to give 8.4 g (93%) of the 
title compound as a white solid, mp: 153-156 X; 'H NMR (CDCI3. 300 MHz) 5 8.25 
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(d. 1H). 7.95 (dd. 1H). 7.58 {dd. 1H). 7.15 (dd. 1H). 6.45 (d. 1H). 4.72 (q. 1H). 4.25 (br 
s. 1H). 3.85-3.82 (C. 8H). 1.51 (d. 3H): MS (CI/NH,) 327 (MH*); [ak +16.1 (C 1.0. 
MeOH). 

g>tamples10te15 

5 Examples 1 0 to 1 5 were prepared from the appropriate starting materials in a manner 
analogous to ttie method of Example 9. 




Example 


X-Ar' 




mp CO 


MS (MKT) 


10 


oxazolo[4.5-c]pyridin-2-yl 


(R)-CH{CH,)OH 


178-180 


327 


11 


oxa2olo[5,4-c]pyridin-2-yl 


-C(CH,)20H 


181-184 


341 


12 


oxazolo[5,4-clpyridin-2-yl 


(±)-CH(CHs)OH 


153-158 


327 


13 


oxazolo[5,4-clpyridln-2-yl 


(S)-CH(CH,)OH 


175-179 


327 


14 


quinoxalin-2-yi 


{±)-CH(CH,)OH 


102-105 


337 


15 


(5-iodo)-benzoxazol-2-yl 


(RHSHCCHJOH 




452 



Example 16 

1R-r4-r3S-M6thvl^xa20lQr5.4-blDvridin-2-vl-DiDera zin--1-vlVDVrimidin-^^^ 




1 5 Step A: fSV2-^4>Benzvi-2-methvl-piosrazin>1-vn -nxazQior5.4>blDvridine, A mixture of 
2-{thiomethyl)oxa2oIo[5,4.b]pyridine (44 g, 264 mmol; J, Org. Chem. 1995. 60. 5721) 
and (S)-1-benzyl-3-methyi-piperazine (25 g, 132 mmol; J. Org. Chem. 1995, 60, 4177) 
was stirred at 130 'C for 3 d. cooled to room temperature, and purified by flash 
column chromatography (17-^83% ethyl acetate/hexanes) to give 30 g (74%) of the 

20 title compound of Example 16, Step A as a dark yellow oil. NMR (CDCI3. 400 MHz) 
67.89 (d, 1H).7.53 (d,1H), 7.34-7.25 {c,5H), 7.10 (dd, 1H),4.45(m. 1H), 4.11 (d. 
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1H). 3.59 (d. 1H). 3.52-3.45 (c. 2H). 2.90 (d. 1H).Z73 (d. 1H). 2.32 (dd. 1H). 2.21 (td. 
1H). 1.41 (d. 3H); MS (APCI) 309 (MH*). 

Step B: rsV2-f2-Methvl-niparaan.1-vlV-oxazplol5.4 -MpvridinB. To a solution Of (S)-2- 
(4-benzyl-2-methyl-piperadn-1-yl)-oxazolo[5.4-b]pyTidine (prepared according to the 
5 methodofExample16,StepA,30g,97mmoI)inmBtiianol(970mL)wasadded 
hydrogen chloride {5.85 1^ in methanol. 20 ml^ 116 mmol), ammonium formate (122 
g. 1 .95 mol), and 10 % palladium on carbon (60 g. 200 wt%). This mixture was stinBd 
at reflux for 50 min, cooled, and filtered through Celite. The filtrate was concentrated, 
diluted with saturated aqueous sodium bicarbonate, and extracted with chlorofomi 

10 ( 1 x) followed by 1 0% Isopropanol/chlorofomi (4x). The combined organic extracts 
were dried over sodium sulfate, filtered, and evaporated to give 16 g (76%) of the Btle 
compound of Example 16, Step B as a green oil. 'H NMR (CDCI,. 400 MHz) 5 7.89 
(m, 1H), 7.53 (m, 1H), 7.09 (m. 1H), 4.42 (m, 1H), 4.1 1 (d. 1H), 3.35 (td, 1H), 3.09- 
3.03 (c, 2H). 2.85 (d, 1H). 2.82 (td, 1H), 1.38 (d, 3H); MS (APCI) 219 (MH*). 

1 5 Step C: 1R-r4-/3S-Mathvl-4-oxazolor5.4.b1pvrid in-2.vl-Dioera^n-1-vlVDVTimidin-2-vn- 
athvlbutvrate . A mixture of (S)-2-(2-methyl-piperazin-1.yl)-oxa2oloI5,4-b]pyridlne 
(prepared according to the method of Example 16, Step B, 1.0 g, 45.9 mmol). (R)-1-{4- 
chloro-pyrimidin-2-yl)-ethyl butyrate (prepared according to the method of Preparation 
Seven. 9.5 g, 41 .7 mmol). and triethylamine (17.3 mL. 125 mmol) in isopropanol (230 

20 mL) was heated at reflux for 30 h. cooled to room temperature, diluted with saturated 
aqueous sodium bicarbonate, and extracted with chiorofonn (4x). The combined 
organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by 
fiash column chromatography (1.5% methanol/chlorofonn) to give 16 g (93%) of the ■ 
title compound of Example 16, Step C as a yellow oB. NMR (CDC^ 400 MHz) 5 

25 823 (d. 1H). 7.93 (dd, 1H). 7.57 (d. 1H), 7.13 (dd, 1H). 6.39 (d,.1H). 5.67 (q, 1H), 4.61 
(m, 1H). 4.42(m, 1H).428 (m. 1H).4.18 (dt, 1H). 3.51 (td, 1H). 3.41 (dd. 1H), 3.17 
(td, 1H). Z39 (t. 2H), 1.72-1.59 (c. 2H), 1.57 (d, 3H). 1.30 (d. 3H), 0.95 (t. 3H): MS 
(APCI)411-(MH'). 

Step D: 1 R44-f3S-Methvl-4.oxazolor5.4-blPvridin -2.vl-piDerazin-1 -vh.pvrimidin-2-vn- 
30 ethanol . A mixture of 1 R-{4-(3S-methyl-4-oxazolo[5.4-b]pyridin-2-yl-piperazin-1 -yiy 
pyrimidin-2-yQ-ethyl butyrate (prepared according to the method of Example 16. Step 
C. 16 g. 39.0 mmol) and potassium cart:onate (10.8 g, 78.1 mmol) in metiianol (195 
mL) was stin-ed at room temperature for 4 h. diluted writh saturated aqueous sodium 
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bicarbonate, and extracted with chloroform (1x) followed by 10% 
isopropanol/chloroform (3x). The combined organic extracts were dried over sodium 
sulfate, filtered, evaporated, and purified by flash column chromatography (1-^2.5% 
methanol/chlorofbrm) to give a vriiite foam that wias recrystallizBd from 
5 ether/chloroform to give 8.9 g (67%) of the title compound as a white solid, mp: 147- 
149 -0; 'H NMR (CDCI3. 400 MHz) 6 B2A (d. 1H), 7.94 (dd, 1H). 7.58 (d. 1H), 7.14 
. (dd, 1H), 6.42 (d, 1H). 4.72 (m, 1H). 4.64 (m, 1H). 4.42 (m, 1H), 4.32 (m. 1H). 4.25 (d, 
1H), 4.21 (dt, 1H), 3.54 (td. 1H), 3.48 (dd. 1H), 3.24 (td. 1H), 1.51 (d. 3H), 1.33 (d, 
3H); MS (APCI) 41 1 (MH*): [a]o +70.4 (c1 .1 , MeOH), 
10 Examples 17 to 25 

Examples 17 to 25 were prepared from the appropriate starting materials in a manner 
analogous to the method of Example 16. 

Example 17 

1R^4,f3S-Methvl-4-ouinoxafin"2-vl-piDera2in-1-vlVDvrimidln-2-vn-et^ 




NMR (CDCIj. 400 MHz) 5 8.56 (d, 1H), 8.23 (d. 1H), 7.89 (d, 1H). 7,69 (d, 1H), 7.59 
(t, 1H), 7.41 (t, 1H). 6.42 (d. 1H). 4.78 (m, 1H). 4.73 (m, 1H), 4.43 (m, 1H). 4.38^.23 
(c, 2H). 3.64-3.52 (c. 2H). 3.38 (m, 1H). 1.52 (d, 3H), 1.30 (d, 3H); MS (APCI) 351 
(MH*); Mo +57.0 (c 1 .2, CHCI3). 
20 Example 18 

i R44,f4,(4 .6-Dimethvl-Pvrimidin-2-vlV3S-methvl-Diperazin-1 -vn-pvrimidin'2«vfV 
ethanol . 
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'H NMR (CDCI,. 400 MHz) 5 8.18 (d. 1H), 6.37 (d. 1H). 6.30 (s. 1H). 5.04 (m. 1H). 
4.70 (q. 1H).4.60 (dt. 1H). 4.37 (brs. 1H), 4.36^.12 (c. 2H), 3.40 (dd. 1H). 3.34 (td. 
1H). 3.16 (td. 1H). 2.28 (s. 6H). 1.51 (d. 3H). 1.16 (d. 3H); MS (APCI) 329 (MH*); [at 
+78.8 (c 1.6. MeOH). 
5 Example 19 

1R44-f4^2-Hvdraxwnethvl-6-mBthvl-Dvrimldln-4-vtV3S-methvl-DiDerazin-1 
nvrimidin-2-vlV-ethanol . 




'H NMR (CDCI,, 400 MHz) S 8.23 (d, 1H). 6.38 (d, IN). 6.23 (s, 1H). 4.71 (q, 1H). 4.58 
10 (S. 3H). 4.36-4.18 (c. 4H), 3.86 (br s. 1H). 3.57 (dd. 1H). 3.46 (td. 1H). 3.32 (td. IH), 
2.38 (s. 3H). 1.51 (d, 3H), 1.22 (d. 3H); MS (APCI) 345 (MH*); [aJo +72.6 (c 1.1. 
MeOH). 

Example 20 

1R-f4-f3S-Methvl-4-oxazolof4.5-blPvridin-2-vl-Diperazin-1-vl)-pvrimidin-2-vn-ethanol . 




mp: 1 58-161 'C; 'H NMR (CDCI,, 400 MHz) 5 8.22-8.15 (c, 2H),.7.40 (dd. IH), 6.86 
(dd, IH), 6.40 (d, IH)', 4.65 (m. IH). 4.61 (m. IH), 4.44-4.20 (c. 3H). 4.18 (dt, IH), 
3.50 (td, IH), 3.41 (dd, IH). 3.19 (td, IH). 1.45 (d, 3H), 126 (d, 3H); MS (APCI) 341 
(MH*); [a]o +58.2 (c 1.1. MeOH). 
20 Example 21 

1 R-f4-f 3S-Methvl-4-oxazolof4 ■5-c]Dvridln-2-vl-Piperazin-1 -vl Vovrimidin-2-vn-ethanot . 
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15 




Mb""\ ^® 
OH 

'H NMR (CDCI,, 400 MHz) 8 8.68 (d. 1H). 8.32 (d. 1H). 8.24 (d. 1H). 725 (dd, 1H). 
6.42 (d, 1H). 4.71 (m. 1H). 4.60 (m. 1H). 4.42 (m. 1H). 4.32-4.23 (c. 2H). 4.17 (dt. 1H), 
3.56 (td. 1H). 3.47 (dd. 1H), 3.24 (td, 1H). 1.51 (d. 3H). 1.32 (d. 3H); MS (APCl) 341 
(MH*); [o]d +57.9 (c 1 .6. MeOH). 

Example 22 

1R4'4-f3S-Meth\d-^xazolor5.4-clDvridin-2-vl-piaera2in-1-vl^-DVrimidin- 2-vn-ethanol. 

OH 

'H NMR (CDCIj. 400 MHz) 5 8.56 (s, 1H), 8.37 (d. 1H). 8.25 (d. 1H). 7.29 (d. 1H). 6.43 
10 (d. 1H). 4.72 (m. 1H). 4.65 (m. 1H). 4.45 (m. 1H). 4.29 (m. 1H). 4.26^20 (c, 2H). 3.58 
(td. 1H), 3.48 (dd. 1H), 326 (td. 1H). 1.51 (d. 3H). 1.34 (d. 3H); MS (APCl) 341 (MH*); 
(alo +61.1 (c 1.0. MeOH). 





Example C> mprc) MS(MH*) 

23 quinoxaIin-2-yl R 351 

24 (2-[C(CH,):OH])-pyrimidln-4-yl S 359 

25 benzoxazol-2-yl S 340 
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10 



15 



20 



Example 26 

1 R-/444-r2>n R-Hvdroxv-ethviVDvrimldin-4-vn-2R>6Sw HimRthvl-oiperazln-1-^^ 
pvrimidin-2-vlVethanol . 



Method 1: To a solution of 1R^4-(2R,6S-dimethyl-piperazin-1-ylhpyrimidin-2-yl]-ethyl 
butyrate (prepared according to the method of Preparation Four. 72.8 g, 238 mmol) 
and triethylamine (50 ml., 357 mmol) in Isopropanol (793 mL) was added (R)-1-(4- 
chloro-pyrimidin-2-yl)-ethyl butyrate (prepared according to the method of Preparation 
Seven, 54.3 g, 238 mmol). This mixture was stiaed at reflux for 12 h and 
concentrated. The residue was dissolved in a 3:1:1 mixture of 
tetrahydrofuran/methanol/water(1200 mL) and lithium hydroxide hydrate (60 g. 1.43 
mol) was added. This mixture was stin^d at room temperature for 2.5 h. concentrated 
somewhat, diluted witii saturated aqueous sodium bicartonate. and extracted with 
10% Isopropanol/chloroform (6x). The combined organic extracts were dried over 
sodium sulfate, filtered, and evaporated. The residue was diluted with 1:1 ethyl 
acetate/methanol (1 100 mL) and stirred at room temperature for 1 h. The predpitate 
was collected by filtration and the filtrate was concentrated to about 850 mL. After 1 h. 
more precipitate had fonned and this material was collected by filtration. The filtrate 
was concentrated somewhat and ethyl acetate was added. After 1 h more predpitate 
had again fonmed and this material was collected by filtration. This was repeated one 
more time to give in total 65.9 g (77%) of the title compound as a white solid, mp: 
163-164.5 'C; NMR (CDCI3. 400 MHz) 5 8.24 (d. 1H). 8.23 (d, 1H). 6.46 (d. 1H). 
6.36 (d, 1H). 4,744.70 (c, 2H). 4.70-4.50 (c, 2H). 4.50^.30 (c. 2H). 4.30 (d. 1H). 4.27 
(d. 1 H). 3.31' (dt. 2H). 1 .51 (d. 6H), 1 .26 (d. 6H): MS (APCI) 359 (MiT); [aJo +42.3 (c 
1.0. MeOH). 

Method 2, Step A: 1 R..(4-f4>r2-n R-Butvrvioxv-ethvlVpvrimidin-4-vn-2R. 6S-dimethvi- 
pipera2in-l-vn-Dvrimidin-2->vlVethvt butvrate . To a solution of (R)-2-(1-hutyTyloxy- 
ethyl)-3H-pyrimidin-4-one (828 g, 3.9 mol) in dichloromethane (50 L) was added 




Me. 
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triethylamine (576 mL, 4.1 mol) and the resulting solution was cooled to 5 "C. A 
solution of trifluoromethanesulfonlc anhydride (729 mU 4.3 mol) in dichloromethane (6 
L) was added slowly such that the internal temperature was maintained at <10 'C. 
After the addition was complete, the reacBon was judged complete by TLC and 
5 quenched by the addition of water (5.3 L). The organic layer was separated, washed 
with water (20 L) and saturated aqueous sodium bicarbonate (20 L), and dried over 
sodium sulfate. This solutipn was then slowly added to a solution of 1R-[4-(2R,6S- 
dimethyH3ipera2in-1-yl)-pyrimldin-2-y0^thyl butyrate dibenzoyl-L-tartrate salt 
(prepared according to the method of Preparation Fifteen, 2.49 kg. 3.75 mol) and 

1 0 triethylamine (1 .6 U 1 1 .6 mol) in dimethylacetamide (1 8 L) such that the intemal 

temperature was maintained at <10 'C. The resulting solution was allowed to stir for 
12 h at 10 'C and then diluted with ethyl acetate (40 L) and water (27 L). The 
aqueous layer was removed and the organic layer was washed twice with water (40 
L) and once with brine (20 L), and dried over sodium sulfate. The resulting solution 

15 was partially concentrated (8 L) and then hexanes (23 L) was added. The resulting 
suspension was allowed to granulate for 12 h and then filtered over cotton. The solids 
were dried under vacuum (40 'C) to provide 1 1 78 gm (63%) of the title compound of 
' Example 26. Method 2. Step A as a white solid. The NIWR and MS data for this 
compound are in agreement with that of Example 256. 

20 Method 2, Step B: 1 R-f4-(4-r2-(1 R-Hydroxv^e thyl VDvrimidtn-4-vn-2R.6S-dlhnethvt- 
aiDerazin>1-vlVDvrimid(n-2-viVethanoL To a solution of 1R-(4-{4-[2-(1R-butyryloxy- 
ethyl)-pyrimidin-4-yQ-2R,6S-dimethyl-pipera2in-1-yI}-pyrimidin-2-yl>^^ 
(prepared according to the method of Example 26. Method 2, Step A, 1 140 g, 2.28 
mol) in isopropanol (1 1.4 L) was added 40% aqueous potassium hydroxide (800 mL) 

25 at room temperature. The resulting solution was allowed to stir for 16 h and then 
diluted with water (5 L) and dichloromethane (4 L). The organic layer was separated 
and the aqueous layer was extracted with dichloromettiane (4 L). The combined 
organic layers.were washed twice with 1 M aqueous sodium hydroxide (10 L) and 
twice with water (5 L). partially concentrated (5 L), diluted with ethyl acetate (4 L), and 

30 again partially concentrated (6 L). Hexanes (10 L) was added and the resulting sluny 
was allowed to stir at reflux for 12 h. cooled to room temperature, and filtered. The 
resulting solid was dried under vacuum to provide 758 g (93%) of the title compound 
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as a white solid. The mp. NMR. MS. and optical rotation data for this compound 
are in agreement with that of Example 26, Method 1 . 



Examples 27 to 62 were prepared from the appropriate starting materials in a manner 
5 analogous to the method of Example 26. 



ethanoL 



OH 

10 mp: 150.5-152 'C; NMR (CDaOD. 300 MHz) 5 8.14 (d, 1H). 6.62 (d, 1H). 6.46 (d. 
1H). 6.40 (s. 1H). 4.83 (d. 2 H), 4.72-4.52 (c, 3H). 3.30 (dd, 2H), 2^8 (s. 6H). 1.46 (d, 
3H). 1.23 (d, 6H); MS (APCI) 343 (MH^; [ah +12.0 (c 1.3, MeOH). 

Example 28 

1R-f4-r2R,6S-Dim6thv^4<ixa2Qior5.4K:]Dvridin-2-vl-oiDera2in-1-vlV^3N m 
15 ethanol . 



NMR (CD3OD, 300 MHz) 5 8.53 (d, 1H), 8.28 (d. 1H). 8.20 (d. 1H), 7.34 (dd. 1H). 
6.68 (d, 1H). 4.90^.72 (c. 2H), 4.69 (q. 1H), 4.32 (d, 2H). 3.56 (dd. 2H), 1.47 (d, 3H). * 
1,33 (d. 6HT; MS (APCI) 343 (MH*); [ak +8.1 (c 1.3, MeOH). 



1R444444-HvdrQx>^ethvl-6-meth\^-ovrimidin-2-vlV2R.6S-dimethvl-DiDerazln-1»v^ 
pvrimidin-2-vIV-ethanol . 



Example 27 





^)^gmpie 29 
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Me 




mp: 139-141 'C; 'H NMR (CDjOD, 300 MHz) 6 8.24 (d, 1H), 6.51 (d. 1H). 6.38 (s. . 
1H). 4.90 (m. 1H). 4.84 (d. 2H). 4.77-4.53 (c, 2H). 4.55 {s. 2H). 3.24 (dd. 2H), 2.37 (s. 
3H), 1.61 (d, 3H). 1.32 (d. 6H): MS (APCI) 359 (MH*); [a]o +14.8 (c 1.0, MeOH). 



1R^444-f2.6- Dim6thvUD\ffimidin.4-vtV2R.6S^imethvk}iDera2irv.1.vfl^ 
ethanol . 



OH 

NMR (CDCI,. 300 MHz) 5 6J22 (d. 1H). 6.36 (d. 1H). 6.26 (S. 1H). 4.71 (m. 1H). 
10 4.65^,50 (c. 2H). 4.42-4^8 (c 3H). 3.24 (dd. 2H). 2.49 (s. 3H). 2.35 (s, 3H). 1.52 (d. 
3H), 1.26 (d. 6H); MS (APCI) 343 (MH*): [alo +11.4 (c 0.8, MeOH), 

Example 31 

1R44-f2R■6S-Dlmethvl^4-oxa20lo^4 ■5-b^D^m•din-2-^^-DiDe^azin-1-v^VDvrimidin-2-v^- 
ethanol. 



mp: 231-233 "C; 'H NMR (CDCI,. 400 MHz) 5 8.26-8.23 (c, 2H), 7.47 (d, 1H). 6.94 
(dd. IN). 6.39 (d. 1H), 4.75-4.53 (c, 2H). 4.72 (q. 1H). 4.35 (d. 1H). 4.28 (m. 1H). 3.44 
(dd, 2H), 1.51 (d. 3H), 1.34 (d. 6H); MS (APCI) 355 (MH*); [ak +8.0 (c 0.8, MeOH). 



Example 30 




Me 




OH 
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lR44-r4-f2-Hvdmx\miethvl-6-meth\^-pvrim!din-4-vlV2R.6S-d imethvl-DiDera2in-1^ 
pyrimii;iin-2-vlV6thanol . 

Me 



{ Me ) 



Me* 

OH OH 



5 NMR (CD3OD. 300 MHz) 5 8,15 (d. 1H), 6.66 (s, 1H). 6.63 (d. 1H). 4.8S4.63 (c, 
2H). 4.67 (q. 1H). 4.58 (d, 2H). 4.50 (s. 2H), 3.26 (dd, 2H), 2.35 (s. 3H). 1.46 (d. 3H), 
1.24 (d, 6H); MS (APCI) 359 (MhT); [at +1 1.8 (c 0.9, MeOH). 

Example 33 

1R-f4-r2R.6S-Dimethvl^xazQiQr5.4-blDvridin-2-vi-piDe razirv1>vlVpvri 
10 ethanol . 

Me 



ill../ Me 



/ / 

Me* 

OH 

mp: 204-207 'C; NMR (CDCIj, 400 MHz) 5 8.25 (d, 1H). 7.95 (dd. 1H). 7.59 (dd. 
1H), 7.15 (dd. 1H). 6.39 (d. 1H). 4.80^.57 (c. 2H). 4.73 (q. 1H), 4.30 (d. 2H). 3.42 (dd. 
2H), 1 .51 (d. 3H), 1 .35 (d, 6H); MS (APCI) 355 (MH*); [a]a +7.5 (c 0.7. MeOH). 
15 Example 34 

2^A-4A-^-( 1 R-H vdroxv-ethvl VDvrimidifv4-vn-3R.5S-dimethvl-Dtoerazin-1 -vlVpyrimidin- 
2-vlVproDan-2-ol. 

" Me 



Awe 

OH OH 
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mp: 138-140 'C; 'H NMR (CDCI,. 400 MHz) 6 8.23 (d, 2H). 6.45 (d. 1H). 6.36 (d. 1H). 
4.86 (S. 1H). 4.70 (m, 1H). 4.67-4.33 (c, 4H), 4.30 (d. 1H), 3.31 (dd, 2H). 1.53 (s. 6H). 
1.51 (d. 3H), 1.25 (d. 6H); MS (APCI) 373 (MH*); (ok +15.5 (c 1.2. MeOH). 

Example 35 

5 iR44-f4-f4-Hvdroxvmemvl-6-methvl-Dvrimidin-2'^/lV2S-mBthvl-DiDera2in-1-vl1^ 
Dvrimldin-2-vl>-ethanol . 

Me""/ Me y 

OH OH 

'H NMR (CDCIa, 400 MHz) 5 8.18 (d, 1H), 6.36 {d, 1H), 6.32 (s. 1H), 4.69 (q, 1H), 
4.60-4.53 (c, 3H). 4.52 (s, 2H). 4.38-4.18 (c, 2H). 3.63 (m. 1H), 3.40-3.29 (c. 2H). 3.24 
10 (m, 1 H). 2.32 {s, 3H). 1 .49 (d, 3H). 1 .20 (d. 3H): MS (APCI) 345 (MH*); [al, +66.5 (c 
1.0, MeOH). 

Example 36 

1R4444-(4-Hvdroxv^ethvl-6-methvl-pvrimidin-2-vlV2R-rnethvl-pipera2in-1-vfl- 
DViimidin-2-v^-ethanol . 



Me 




'H NMR (CDClj. 400 MHz) 5 8.21 (d. 1H). 6.37 (d. 1H). 6.33 (s, TH), 4.72 (m, 1H), 
4.67-4.54 (c, 3H). 4.54 (s. 2H). 4.34 (d. 1H), 4.20 (d, 1H), 3.58 (br s. 1H). 3.42-3.32 (c, 
2H). 3.26 (td, 1H), 2.34 (s, 3H). 1.51 (d, 3H). 1.21 (d, 3H); MS (APCI) 345 (MH*); [oJo - 
35.0 (c 1.1. MeOH). 
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Examole 37 

1R44^4,f2-HvdrQxvmethvl-Dvrimidln-4-vlV3S->m6th\^-DiDerazin-1-^^ 
ethanol. 



Me"'"< Me 



OH OH 

5 mp: 178-181 °C; 'H NMR (CDCIj, 400 MHz) 6 823 (d. 2H). 6.38 (d, 2H). 4.60 (q, 1H). 
4.60 (s, 2H). 4.56 (m. 1H). 4.28-4.15 (c. 4H). 3.72 (br s, 1H), 3.58 (dd, 1H). 3.48 (m, 
1H). 3.33 (td, 1H). 1.51 (d. 3H). 1.23 (d. 3H); MS (APCI) 331 (MH'); [a]o +88.9 (c 1.1. 
MeOH). 

Example 38 

10 1 R^4^4-f2-^ 1 R.Hvdroxv.^thvl^^>\ffimidin-4.vlV2S.mathv^DiDerazin.1 ■vlWivrimldln.g. 
vtV^thanol . 




Mb""\ Me >— Me 

OH OH 

mp: 158-160 •C; 'H NMR (CDa„ 400 MHz) 5 8.24 (d, 2H), 6.39 (d. 1H), 6.38 (d, 1H), 
4.71 (m. 2H). 4.55 (br s. 1H). 4.32-4.16 (c. 5H). 3.60 (dd. 1H). 3.48 (td. 1H), 3.38 (td. 
15 1 H). 1 .52 (d. 6H). 1.24 (d, 3H); MS (APCI) 345 (MM*); [ak +82.5 (c 1 .0, MeOH). 

Example 39 

1 R-/4-f4-r2-f 1 R-HvdrDxv-ethvlVDVrimldin-4-vn-2R-methvl-piperazln-1 -vnHDvrimidin-2- 

YlV^th^npl- 



Me»—< Me V-"Me 

OH OH 
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mp: 155-157 'C; 'H NMR (CDCIj. 400 MHz) S 8.24 (d. 2H), 6.39 (d. 1 H). 6.38 (d, 1H). 
4.73 (m. 2H). 4.58 (br s, 1H), 4.32-4.16 (c 5H), 3.59 (dd. 1H). 3.50 (m, 1H). 3.38 (m, 
1H), 1.52 (d, 6H), 1.25 (d, 3H); MS (APCI) 345 (MH*); [ak -30.4 (c 0.9. MeOH). 

ExamolB 40 

5 1 R./4-f3-r2-(1 R-HvdrQxv-ethvfVpvrimidin-4-vn-3.9-diaz a-bicwclQf3.3.nnon-9-vft- 
pvrimidin-2-vl)-ethanol. 




mp: 151-158 "C; 'H NMR (CDCI,, 400 MHz) 6 8.24 (d, 2H), 6.42 (d, 1H), 6.41 (d. 1H). 
4.72 (m. 2H). 4.48-4.18 (c. 2H). 4.29 (dd. 2H). 3.28 (d, 2H). 2.03 (m. 1H). 1.98-1.82 (c. 
10 4 H). 1 .58 (m. 1 H). 1 .51 (d. 3H), 1.50 (d, 3H); MS (APCI) 371 (MH*); [a]o +27.6 (o 0.9. 
MeOH). 

Example 41 

1 R.(4-f4-f2-/1 S-Hvdroxv-efrivlVDvrimidin-4-vn-2R.6S-dime thvl-DiDerazin-1 -vH- 
pvrimidin-2-v!Vethanol . 

Me 

Me { Me V" Me 

15 \h OH 

mp: 222-223.5 'C; 'H NMR (CDC!,. 400 MHz) 6 8.24 (d. 1H). 8.23 (d, 1H). 6.46 (d, 
1H). 6.36 (d. 1H). 4.75-4.51 (c. 4H). 4.50-4.30 (c, 4H), 3.31 (dt, 2H). 1.51 (d. 6H), 1.26 
(d. 6H); MS (APCI) 359 (MH*); [at -3.4 (c 0.5. CHCI,). 
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Examola 42 

1S./44442.riR.Hvdro»/.emvlW «ffimldlrv4-vn.2RfiSUriimathvl-piD6razin-1.vl^ 
pvrimidin-2.vtVethanol. 




5 mp: 224-226 'C; NMR (CDCIj, 400 MHz) 8 8.24 (d. 1H). 823 (d. 1H), 6.46 (d. 1H), 
6.36 (d. 1H). 4.76-4.51 (c, 4H). 4.5(W23 (c. 4H). 3.33 (dt, 2H). 1.51 (d, 6H), 1J25 (d. 
6H); MS (APCI) 359 (MH*); [ah +64.2 (c 0.5. CHCI,). 

Example 43 

1 S.f4-f4-r2-n S-Hvdroxv-ethvlVDvrimidin-4-vn-2R.6S-dimethvl-piDerazin-1-vlV 
10 Dvrimidin-2-vlVethanol . 




mp: 164-165.5 'C; 'H NMR (CDCI,, 400 MHz) 5 8.24 (d. 1H). 8.23 (d. 1H), 6.46 (d, 
1H), 6.36 (d, IH), 4.75-4.51 (c, 4H). 4.50-423 (c, 4H); 3.47-3.28 (c, 2H), 1.51 (d, 6H). 
1.25 (d. 6H); MS (APCI) 359 (MH*); [a]o -43.8 (c 1.0, MeOH). 
15 gxamDla44 

1RS-(444-f2-f1RS^vdrQXV .ethN4VDVt1midlrv4-vn-2Rr6S*-dlmethvl-DiDera^^ 
Dvrimidin-2-vn-ethanol . 
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mp: 180-186 'C; 'H NMR (CDCI,. 400 MHz) 6 8.24 (d. 1H). 8.23 (d. 1H). 6.46 (d. 1H). 
6.36 {d. 1H). 4.75-4.51 (c. 4H). 4.50-4.23 (c. 4H). 3.47-3.28 (c. 2H). 1.51 (d. 6H). 1.25 
(d, 6H); MS (APCl) 359 (MH*). 



5 i^444-r2-(1R-Hvdroxv-ethvlVovrimidlfv4-vlV2R.6S- dim6thvl-oiDera2in-1-vlVD\ffirrt 
2-vlV6thanone. 



mp: 123-127 'C; NMR (CDQ,. 400 MHz) 6 8.41 (d. 1H), 8.24 (d. 1H). 6.56 (d, 1H). 
5.47 (d. 1H). 4.75-4.53 (c. 3H). 4.52-4.28 (c. 2H). 4.26 (m. 1H). 3.36-3.29 (c. 2H). Z68 
10 (s, 3H). 1.51 (d, 3H). 1.28 (d. 6H): MS (APCl) 357 (MH*); Ia]o+19.4 (c 1.0. MeOH). 

Example 46 

1 .f4-/442-ri R-Hvdroxv-ethvlVDvrimidln-4-vn-3R.5S-dimeth vl-DiDerazin-1 -vIV-Dvrimldin- 
2-vlVethanone . 



15 mp: 1 50-164 "C; NMR (CDCI,, 400 MHz) 5 8.40 (d. 1 H), 8.24 (d, 1 H). 6.66 (d. 1 H). 
6.37 (d. 1H), 4.74-4.52 (c, 3H). 4.51-4.31 (c. 2H), 4.29 (m. 1H)r-3.36 (dd, 2H). 2.69 (8, 
3H). 1.51 (d, 3H), 1.27 (d. 6H); MS (APCl) 357 (MH*); [o]d+21.8 (c 1.1. MeOH). 



ExamDlB45 




Me 




Me 
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Example 47 

1 R-f A44-r2-f1 R-Hvdrow-ethviv^vrimidin^ vn>2R.BR-dlmemvi-pipera2in- Vyiy 
PYrimidin-2»vlVethanol, 

Me 

'=\ /~\. 




Me'-/ Me /—Me 

^ ryu 



OH OH 
5 mp: 168-171 'C; 'H NMR (CDCt,. 400 MHz) 5 8^7 (d. 1H), 8^3 (d. 1H). 6.33 (d. 1H). 
6.30 (d. 1H), 4.78-4.69 (c 2H),4.68-428 (c 5H). 3.83-3.69 (c. 2H). 3.54 (m, 1H), 1.53 
(d. 3H). 1.52 (d. 3H). 1.43-122 (c. 6H): MS (APCI) 359 (MH*); [o]o+922 (c 0.5. 
MeOH). 

Example 48 

10 lR.f4-/4-r2-f1R-Hvdro)cv-ethvlVDvrimidin-4 -vn.2S.6S-dimethvl-piDarazin-1-vlV 
pyrimidin-2-vlVethanol . 

Me 

Me ( Me /—Me 

OH OH 
mp: 168-178 °C; 'H NMR (CDCl,, 400 MHz) 5 8.26 (d. 1H). 8.23 (d, 1H). 6.32 (d, 1H). 
6.29 (d, 1H). 4.78-4.58 (c. 2H). 4.65-4.27 (c, 5H). 3.82-3.71 (c 2H), 3.55 (m. 1H). 1.52 
15 (d. 3H). 1 .51 (d. 3H), 1 .43-1 .20 (c. 6H); MS (APCI) 359 (MH*); [ah- 32.4 (c 0.7. 
MeOH). 
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HQ 



R' 



Example 


X-Ar' 


R* 


R^ 


mp (»C) 


MS (MH*) 


49 


benzoxazol>2*yt 


(R}-Me 


(S}-Me 




354 


50 


benzothiazol-2-yl 


(R}-Me 


(S}-Me 




370 


51 


oxazoIo[4,5-c]pyridin-2-yl 


(R}-Me 


(S)-Me 




355 


52 


quinoxaiin-2-yl 


{R)-Me 


H 




351 


53 


quinoxaiin-2-yl 


(S)-Me 


H 




351 


54 


qutnoxalin-2-yl 


(R)-Me 


(S)-Me 




365 


55 


(4,6-dimethyl)- 
pyriniidin-2-^ 


H 


H 


132-133 


315 


56 


(4,6-dimethyl}. 
pyrimidin-2-yl 


(S)-Me 


H 




329 


57 


(2.6-dimethyl}- 
pyrimidin-4-yl 


H 


H 


125,5-127 


314 


58 


(2-hydroxymethyl}- 
pyrimidin-4-yl 


(S)-Me 


H 


146-148 


331 


59 


(2-hydroxymethyl}- 
pyriniidin-4-yl 


(R)-Me 


(S)-Me 


168-171 


345 


60 


(2-hydroxymethyl-6- 
methyl)-pyrimidin-4-yl 


(S}-Me 


H 




345 



HQ 




•"Me 



Exampie 



X-Ar' 



mp (°C) 



MSCMH*) 



61 
62 



(4-hydroxymethyl-6-methy)- 
lpyrimidin-2-yl 

(R)-{2-(1-hydroxy-ethyl)]- 
pyrimidin-4-yl 



357 
357 
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Examoie 63 

1^f4^A-/^-Acetvl^ovrimidi^v4>vlV2R^6S*-dimethv i-pipera2i^-1-^^^ 
5 ethanone . 




A mixture of 1S-{444^2-{1R-hydroxy-ethyl)-pyrimidin-4-yO-2R,6S-dimethyl-pi^ 
1.yl}.pyrimidin-2-yl)-ethanol (prepared according to the method of Example 42, 1.05 g, 
2.93 mmol) and manganese(IV) oxide (5.15 g, 59,3 mmol) in dichioroethane (28 mL) 

1 0 was heated at reflux for 7 h, and filtered through Celite (hot). The filtrate was 
concentrated and purified by flash column chromatography (Rash 40^^, 5% 
methanol/chloroform) to give 0.67 g (64%) of the title compound as a white solid, mp: 
>235 -C (dec); NMR (CDCI3. 400 MHz) 6 8.42 (d, 1H). 8.41 (d. 1H). 6.68 (d. 1H). 
6.57 (d, 1H). 4.81-4.36 (c. 4H). 3.39 (dd, 2H), 2,69 (s. 3H). 2.68 (s. 3H), 1.29 (d, 6H); 

15 MS (APCI) 355 (MH*). 

Example 64 

1R4444-(4-Hvdrowmethvl-6-methvl«Dvrimidin-2-vn-3R .5SHjimethvi-DiDera2in-1-vn- 
pvrimidin-2-vlVethanol . 




20 Step A: 1R-f4-f4-(tert-BLitoxvcarfaonviamino-tert-butoxvcarbonvi iminoH'nethvlV3R.5S- 
dimethvi«DiP6razin»1 -v[Uovrimidin>2-vn-ethvi butvrate . To a mixture of 1R-[4-{3R,5S- 
dimethyl-piperazin-1 -yl)-pyrimldiiv2-yll-ethyl butyrate (prepared according to the 
method ofpreparafion Three. 10 g, 32.7 mmol), N,N'-bls(tert-butoxycarbonyl)thiour8a 
(8.6 g. 32.7 mmol; Synth. Commun, 1993, 23, 1443). and triethylamine (9.0 mU 65.4 



wo 00/59510 



PCTyiBOO/00296 



-170- 

mmol) in dimethylformamide (1 10 mL) at 0 was added rnercury(ll) chloride (9.8 g, 
3B.0 mmol). This mixture was stirred overnight with warming to room temperature, 
diluted with ethyl acetate, and washed with water {3x) and brine (1x). The organic 
phase was dried over sodium sulfate, filtered, and evaporated to give 17.9 g (100%) 
5 of the title compound of Example 64, Step A as a yellow foam. NIVIR (CDCIa, 300 
MHz) 6 9.61 (s, 1H), 8.19 (d. 1H). 6.37 (d, 1H). 5.66 (q. 1H). 4.51-4.14 (c. 4H), 3.36- 

3.23 (c 2H), 2.37 (t. 2H), 1.75-1.60 (c. 2H), 1.55 (d, 3H). 1.49 (s. 9H). 1.46 (s, 9H). 
1.2B (d, 3H), 1.26 (d. 3H). 0.94 (t. 3H); .MS (APCt) 549 (MH*). 

Step B: lR>r4-f4-Carbamimidovl-3R.5S-dimethvl>D{Derazin-1-viVDvrimidin-2-vn-ethvl 
i 0 butvrate trifluoroacetic add sail A mixture of 1 R-{4-[4-(tert-butoxyGarbonyIamino-tert- 
butoxycarbonyliniino-methyl)-3R,5SHjimethyl-pipera2in-1-yl]-pyrimidin-2-yl}-ethyl 
butyrate (prepared according to the method of Example 64, Step A. 17.9 g, 32.7 
mmol) in a 3:1 mixture of dichloromethane/trifiuoroacetic add (300 mL) was stirred at 
room temperature overnight and concentrated to provide -36 g of the title compound 
1 5 of Example 64, Step B as an oil that was used as is. HMR (CD3OD, 400 MHz) S 

8.24 (d. 1H), 7.25 (d, 1H). 5.69 (q. 1H), 4.19^.10 (c, 4H), 3.79-3.42 (c, 2H). Z45 (t 
2H). 1.67-1.45 (c, 2H), 1.63 (d, 3H), 1.32-125 (c, 6H), 0.95 (t, 3H); MS (APCI) 349 
(MH*). 

Step C: lR44-r4-r4-Methoxvmethvi-6-methv)-Dvrimidin-2-vlV3R.5S-dimethvi- 
20 piDerazin-1-vn-Dvrimidin-2-vlVethano! . A solution of 1 M sodium isopropoxide In 
isopropanol was prepared by adding sodium metal (3.8 g, 180 mmol) to isopropanol 
(160 mL) and heating at reflux until all the metal was consumed. 1R-[4-(4- 
Carbamimidoyl-3R,5S-dimethyl-piperazin-1 -yl)-pyrimidin-2-yO-€thyl butyrate 
trifluoroacetic add salt (prepared according to the method of Example 64, Step B, 
25 3Z7 mmol theory) was added to the refluxing sodium isopropoxide/isopropanol 
solution followed, after 1 h, by 1-nrethoxy-pentane-2,4-dione (212 g, 163 mmd; J. 
Am. Chem. Soc. 1944, 22, 2092). After 12 h. another aliquot of sodium isopropoxide 
(1 M In isopropanol, 65 mL, 65 mmol) was added. After refluxing overnight, the 
reaction mixture was cooled to room temperature and diluted with water (100 mL). 
30 Lithium hydro)dde hydrate (6.9 g, 163 mmol) was added and this mixture was stirred 
for 3 h, concentrated, and extracted with 10% isopropanol/chlorofomi (3x). The 
combined organic extracts were dried over sodium sulfate, filtered, evaporated, and 
purified by flash column chromatography (W2.5% methanol/chlorofomn) to give 10.5 
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g (87%. 2 steps) of the title compound of Example 64. Step C as a yellow solid. 'H 
NMR {CDCI3. 400 MHz) 5 8.18 (d. 1H). 6.54 (s. 1H). 6.43 (d. 1H). 5.004.94 {c. 2H). 
4.69 (m. 1H). 4.37-4.34 (c. 2H). 4.33 (s. 2H). 3.45 (s. 3H). 3.29-323 (C. 2H). 2.33 (s. 
3H). 1 .51 (d, 3H), 1 .20 (s. 6H); MS (APCI) 373 (MH*). 

5 step D: 1R-/4.f4.f4-Hvdmyvm6thvl^-me th^/^■^vrimidln-2-v^V3R.5S-dimethv^- 

p i pprP7in-i -vn-Dvrimiriin-?-vlVethanol . To a solution of 1R.{4-{4-(4-methoxymethyt-6- 

methyl-pyrimidin-2-yl)-3R,5S-dimethyl-plp8razirv1.ylhpyTimldin-2 

(prepared according to the method of Example 64. Step C. 8.0 g, 21 .5 mmoO in 

dichloromethane (150 mL) at 0 "C was added boron tribromide (1 M in 

10 dichloromethane. 64.3 mL. 64.3 mmol). This mixture was stirred overnight with 

waning to room temperature and quenched by careful addition of saturated aqueous 
sodium bicarbonate. The layers were separated and the aqueous phase was 
extracted with 10% Isopropanol/chloroform (3x). The combined organic extracts were 
washed with brine (1x), dried over sodium sulfate, filtered, and evaporated. The 

1 5 resulting solid was refluxed in ethyl acetate and filtered (hot). This procedure was 
repeated and the combined ffltratss were concentrated to a mlnlnral volume. After 
standing at room temperature overnight, a tan sofid was collected by filtration. The 
resulting filtrate was again allowed to stand at room temperature overnight to yield an 
additional crop of the desired product to give all together 6.0 g (78%) of the title 

20 compound as a tan sofid. mp: 149-151 "C; 'H NMR (CDCI3. 400 MHz) 6 8.19 (d, 1H), 
6.45 (d, 1H). 6.32 (s. 1H). 5.02-4.96 (c, 2H). 4.71 (q. 1H), 4.53 (s. 2H). 4.50^.23 (c. 
2H). 3.31-3.25 (c. 2H). 2.33 (S. 3H). 1.51 (d. 3H). 1.23 (s. 6H); MS (APCI) 359 (MH*); 
[o]D+18.9(c1.1.MeOH). 

f=xamDles 65 to 74 

25 Examples 65 to 74 were prepared from the appropriate starling materials in a manner 
analogous to the method of Example 64. 
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Examole 65 

fRWl44-f4-/4-Hvdmxvrnethvl-6-methvM3v rimidln-2-vlVpinBrazin-1-vn-Pvrimidi^^^ 
ethand . 



5 mp: 139-140 'C: 'H NMR (CDCIj. 300 MHz) 5 8.21 (d, 1H), 6.41 (d. 1H), 6.37 (s. 1H). 
4.71 (m, 1H). 4.54 (s. 2H), 4.32 (d, 1H). 4.02-3.93 (c. 4H), 3.78-3.68 (C. 4H). 3.65 (br 
s. 1H). 2.34 {s. 3H). 1.19 (d, 3H); MS (TS) 331 (MH*); [ah +21.6 (c2.0. MeOH). 

Example 66 

1R4iUr4-/4.6-Dimethvl-Dvrimidirh2-vlV3R.5S-di mathvl-plPBragin-1.vn-D>ffimidin-2.vl\- 
10 ethanol . 



mp: 141.5-142.5 "C; 'H NMR {CDQ,. 400 MHz) 6 8.17 (d. 1H). 6.43 (d. 1H), 6.28 (s, 
1H). 5.03^.97 (c. 2H). 4.70 (q. 1H). 4.44-4.18 (c, 2H). 3.32-3.20 (c. 2H). 2.27 (s, 6H). 
1.50 (d. 3H). 1.20 (d, 5H); MS (APCI) 343 (MH*); [ok +19.2 (c 1.1. MeOH). 



1 R44.f4-(4-MethQx\miethvl-6 -methvl-D\ff{mldin-2-vlV3R.5S-dimethvl-piperazin-1 -vH- 
Dvrimldin-2-vn-ethanpl. 




Is 




OH 



pimple 67 
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'H NMR (CDCI,. 400 MHz) 5 8.18 (d. 1H). 6.55 (s. 1H), 6.43 (d. 1H). 5.02-4.93 (c, 2H). 
4.69 (m, 1H). 4.43-4.20 (c, 2H). 4.35 (d. 1H). 4.33 {s, 2H). 3.46 (s. 3H). 3.30-3.21 (c. 
2H). 2.34 (s. 3H); 1.51 (d, 3H). 1.20 (d. 6H); MS (APCI) 373 (MH*): [ak +16.0 (c 0.9, 
MeOH). 

l=xamplB68 

1 R44.f4^4.Htfrirnx\miethvl-fi-methvl-Pvri midin-2-vlV3R-w«*thx^^^ -vll- 
pvrimidin-2-vlVethanol . 




Me" 



10 'H NMR (COa,. 400 MHz) 5 8.17 (d, 1H). 6.36 (d. 1H). 6.32 (s. 1H). 4.98 (m. 1H). 
4.69 (q. 1H). 4.58 (dt. 1H). 4.51 (s. 2H). 4.37-4.11 (c 3H). 3.62 (br s. 1H). 3.48-3.36 
(c, 2H). 3.18 (td. 1H). 2.31 (s. 3H). 1.49 (d, 3H). 1.17 (s. 3H);.MS (APCI) 359 (MH*): 
[a]o -40.6 (c 1.0, MeOH). 

Example 69 

15 1 R^4-f4-(4-Hvrimy>miethvl-6-mathvl-ovr imidin.2-vlV3S-rnethvl-piperazin-1 -yfl- 
pvrimidin-2-vlVethanol . 

Me 

Me-/ M« ^ — °" 

OH _ 

'H NMR (Cpa,. 400 MHz) 5 8.17 (d. 1H). 6.36 (d. 1H). 6.33 (s, 1H). 4.99 (m. 1H). 
4.69 (q. 1H). 4.58 (m. 1H). 4.52 (s. 2H). 4.40-4.11 (c. 3H). 3.60 (br s. 1H). 3.45-3.34 
20 (c, 2H). 3.19 (td. 1H). 2.32 (s. 3H). 1.49 (d. 3H). 1.16 (s. 3H); MS (APCI) 359 (MH*); 
(o]o+68.1 (c 0.7, MeOH). 
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Example 




R« 




R' 


mpCC) 


MS (MHn 


70 


H 


OH 


3R-Me 


5S-Me 




331 


71 


Me 


OH 


3R-Me 


5S-Me 


231-232 


345 


72 


Ph 


OH 


3R-Me 


SS-Me 




407 


73 


Me 


ethoxymethyl 


3R-Me 


5S-Me 




387 


74 


Me 


ethaxymethyl 


2R-Me 


6S-Me 


106-108 


387 



Example 75 

rRV5-r2-/1-Hvdroxv-ethvtVDvrimidin^\^'1-methvl -2-ouinoxaii^^^ 
hexahvdro-Dvra2olof4.3-clpvridin-3K3ne. 




Me» 



Step A: 3*Oxo-2'Ouinoxalin-2-vl-1.2.3.4.6.7-hexahvdro-pvrazolor4,3-clD vridine-5- 
1 0 carboxvllc add tert-butvl ester . To a solution of 4-oxo-piperidine-1 ,3-dicart>oxyiic acid 
1-tert-butyi ester 3-ethyi ester (500 mg, 1.84 mmoi; TetrahedoDn 1994, 50, 515) in 
toluene (10 mL) was added quinoxaIin-2-yl-hydrazine (295 mg, 1.85 mmol; 
Heterocycles 1985, 23, 2603). This mixture was stin^ at reflux ovemight, cooled to 
HDom temperatureTOTncent^ted. and purified by flash column chnDmatography 
1 5 (25-f75% ethyh aoetate/hexanes) to give 600 mg (89%) of the tiHe compound of 

Example 75. Step A as a light orange solid. NMR (CDCIs. 250 MHz, 5:1 ntixture of 
tautomere) 5 11.94 (br s. 0.83H), 10.16 (s, 0.17H), 9.57 (s, 0.83H), 8.13 (dd, 1H). 
7.91-7.69 (c, 3H). 4.45 (s, 1 .66H), 4.33 (s. 0.34H), 3.79-3.72 (c. 2H). 2.82-2.72 (c, 
2H); 1.52 (s, 9H); MS (APCI) 368 (MH*). 
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Step B: %MQthvl>3<>xch2^uinoxann- ^>vl-l.2.3.4.6.7-hexahvdrD-pyra2olor4,3> 
clDvridine>5-carfaQxvlic acid tert-butvl ester To a solution of 3-oxo-2-quinoxaIin-2-yl- 
1 A3,4,6,7-hexahydro-pyrazolo[4.3-c]pyridine-5-cart50xylic add tert-butyl ester 
(prepared according to the method of Example 75. Step A, 250 mg, 0.68 mmol) in 
5 dimethylformamide (2 mL) at 0 "C with stirring under nitrogen was added sodium 
hydride (60% dispersion in mineral oil. 41 mg. 1.02 mmol). After 10 min, iodomethane 
(51 pL, 0.82 mmol) was added. This mixture was allowed to stir at 0 for 2 h, 
quenched by addition of saturated aqueous sodium bicarbonate and extracted with 
ethyl acetate (4x). The combined organic extracts were dried over sodium sulfate, 

1 0 filtered, evaporated, and purified by flash column chromatography (40% ethyl 

acetate/hexanes) to give 164 mg (63%) of the title compound of Example 75, Step B 
as a yellow foam. NMR (CDCI3. 250 MHz) 5 9.71 (s, 1H). 8.15 (dd. 1H), 8.02 (m. 
1H). 7.80-7.70 (c. 2H). 4.29 (s. 2H). 4.14 (t. 2H). 3.79 (s. 3H). 2.72-2.67 (c. 2H). 1.50 
(s. 9H); MS (APCI) 382 (MH*). 

15 Step C: 1-Methvl-2-culnoxann-2-v!-1 .2.4.5.6.7>h6xah vdrp-DvrazoiQr4.3>clDvridin-3- 
one hydrochloride . To a solufion of 1-methyl-3-cxo-2-quinoxaIin-2-yl-1 .2,3.4,6,7- 
hexahydrc>-pyrazolo[4.3-c]pyridine-5-cart)Oxylic add tert-butyl ester (prepared 
according to the method of Example 75. Step B. 279 mg, 0.73 mmol) in methanol (6 
mL) was added hydrogen chloride (5.85 M in methanol, 1.25 mL, 7.3 mmol). This 

20 mixture was heated at 60 for 30 min, cooled to room temperature, and 

concentrated to give 249 mg (>100%) of the title compound of Example 75, Step C as 
a dark red solid. NMR (CDjOD. 250 MHz) 5 9.45 (s, 1H), 8.13 (dd. 1H), 8.05 (m, 
1H). 7.91-7.83 (c. 2H). 4.05 (s, 2H). 3.64 (t. 2H). 3.56 (s, 3H). 3.12 (L 2H); MS (APCI) 
282 (MH"). 

25 Step D: mV14441-Methvl-3<>xo-2-^3uinQxafin-2-v t-1.2.3.4.6.7-hexahvdrD- 

pvrazQlQr4.3-clDvridin-5-vlVDvrimidln-2-vn-6thv! butvrate . To a stin-ed solution of 1- 
methy!-2H?uinoxalin-2-yl-1Z4,5.6.7-hexahydro-pyrazolo[4,3-c]p^^^ 
hydrochloride (prepared according to the method of Example 75, Step C, 175 mg. 
0.55 mmol) and (R).1-(4-chlon>pyrimidin-2-yl)-ethyl butyrate (prepared according to 

30 the method of Preparation Seven, 126 mg, 0.55 mmol) in isopropanoi (5 mL) was 

added triethyiamine (230 pL, 1.66 mmol). This mixture was heated to reflux overnight, 
cooled to room temperature, and evaporated. The residue was diluted with saturated 
aqueous sodium bicarbonate and extracted with chloroform (3x). The combined 
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organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by 
flash column chromatography (1.5% methanol/chlorofbmn) to give 248 mg (95%) of 
the title compound of Example 75, Step D as a yellow oil. 'H NMR (CDCI,. 250 MHz) 5 
9.70 (s. 1H), 8.29 (d. 1H). 8.15 (dd. 1H). 8.03 (m. 1H), 7.82-7.70 (c, 2H). 6.48 (d. 1H) 

5 5.72 (q. 1H). 4.35 (s. 2H). 4.35-4.15 (c. 2H). 3.42 (s. 3H). Z77-2.82 (c. 2H). 2.43 (t. 
2H). 1.79-1.60 (c 2H). 1.61 (d. 3H). 0.99 (t. 3H); MS (APCI) 474 (MH*). 
Step E: ^RVS-rg^1.Hvdm w^thvlVovrimlrtin-a.vn.1.mathvl-?-Quinoxalin-2-vl- 
1 , ? A 5.6.7-heyahvrirD-pvra2n lnf4 a.rfDvridin-3-one. To a solution of (R)-1-[4-(1- 
methyl-3-oxo-2-quinoxalin-2-yl-1.2,3.4.6,7-hexahydro-pyra2olo[4,3-c]pyridln-5-yl)- 

10 pyrimidin-2-yl]-ethyl butyrate (prepared according to the method of Example 75. Step 
D, 248 mg, 0.52 mmol) in a 52 mixture of methanol/tetrahydrofuran (7 mL) was added 
potassium carbonate (218 mg. 1.57 mmol). This mixture was stirred at room 
temperature overnight and evaporated. The residue was diluted with saturated 
aqueous sodium bicarbonate and extracted w^th chlorofonn (3x). The combined 

1 5 organic extracts were dried over sodium sulfate, filtered, evaporated, and purified by 
flash column chromatography (1.5-*3% methanol/chiorofbmi) to give 150 mg (71%) 
of the title compound as a white solid, mp: 217-219 'C (dec); NMR (CDCl,, 250 
MHz) 5 9.66 (s. 1H), 8J25 (d. 1H). 8.12 (dd. 1H), 7.99 (m. 1H). 7.68-7 J8 (c. 2H). 6.47 
(d. 1H). 4.72 (q, 12H). 4.32 (s. 2H). 4.19-4.14 (c. 3H). 3.41 (s. 3H). 2.80 (t, 2H). 1.51 

20 (d, 3H): MS (APCI) 404 (MH*); [a]o +13.4 (c 1.5. CHQ,). 

pyamnles 76 and 77 

Examples 76 and 77 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 75. 



25 




Example 



B mp rC) MS (MHn 



76 • N-Me benzothiazol-2-yl CO 176-178 409 

77 CO quinoxalin-2-yi l^e 201-204 (dec) 404 
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Example 78 

one . 



Me"" 




Step A: 6-ChlorcKSDlrorchroman-2-^-plDeridin1 -4^ne hydrochloride. To a solution of 
1 '.ben2yl-6-chloro-spiro[chraman-2,4'-piperidin]-4-cne (300 mg. 0.88 mmol, Chem. 
Pharm, Bull. 1981, 29. 3494) in acetone (5 mL) at 0 was added 1-chloroethyl 
chlorofonnate (0.29 mU 2.64 mmol). This mixture was warmed to room temperature. 

10 . stin-ed overnight, and concentrated. The residue was purified by flash column 

chromatography (IO-j-20% ethyl acetate/hexanes) to give the intemnediate carbamate 
which was refluxed in methanol (3 mL) for 1 h. Evaporation of the reaction mixture 
provided 149 mg (59%) of the title compound of Example 78,-Step A as a colorless 
soiid. NMR {CD,OD, 250 MHz) 5 7.77 (d. 1H), 7.58 (dd. 1H). 7.15 (d, 1H), 3.33 

15 (buried. 4H). 2,90 (s. 2H). Z46-2.20 (c, 2H). 2.04-1.81 (c. 2H); MS (APCI) 252, 254 
(MH*). 

Step B: (RVI 1 'Butvrvloxv-ethvlVDvrimidin-4-vn'6»c h!orO'SDirorchroman-2.4'- 
piDeridinl-4-one . To a solution of 6-chioro-spiro[chroman-2,4-piperidin]-4-one 
hydrochloride (prepared according to the method of Example 78. Step A. 175 mg, 

20 0.61 mmol) in isopropanol (5 mL) was added (R)-1-(4-chloro-pyrimidin-2-yl)-ethyl 
butyrate (prepared acconJing to the method of Preparation Seven. 160 mg. 0.70 
mmol) followed by trieftylaFrtne (0.29 mL, Z1 mmol). This mixture was stinred at 
..„.-^^^^-^.^^.-_. refJux for 1.5 h, concentrated, and purified by flash column chromatography (1% 
methanoi/chtorofomi) to give 270 mg (100%) of the title compound of Example 78. 

25 Step B as a yellow oil. NMR (CDCIa, 400 MHz) 5 8,1 9 (d. 1 H). 7.83 (d. 1 H). 7.44 
(dd, 1H). 6,97 (d. 1H). 6.37 (d, 1H). 5.64 (q. 1H). 4.18 (app s. 2H). 3.34 (t, 2H), 2.72 
(s. 2H). 2.37 (t, 2H). 2.10 (d. 2H). 1.71-1.60 (c. 4H). 1.55 (d. 3H). 0.94 (t, 3H); MS 
(APCI) 444. 446 (MH*). 
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Step C: f R V6-Chloro-r-r2>f 1 ■hvdroxv-ethvlVDvrimidin^v{1>SDlrQrchroman-2.4 - 
DipendinM-one . A mixture of (R}-142-(1-butyrylo)cy-ethyl)-pyrimidin-4-yl]-6-chloro- 
spiro[chroman-2,4-piperidinH-one (prepared according to the method of Example 
78, Step B, 270 mg, 0.61 mmol) and lithium hydroxide hydrate (80 mg. 1.83 mmol) in 
5 a 3:1:1 mixture of tetrahydrofuran/methanot/water (5 mL) was stirred at room 
temperature for 1.5 h. The organic solvents were evaporated and the residue was 
extracted with chloroform (4x). The combined organic extracts were dried over " 
sodium sulfate, filtered, evaporated, and purified by flash column chromatography 
(ethyl acetate) to give 41 mg (1 8%) of the title compound as a reddish foam. NIWR * 
10 (CDCIa, 300 MHz) 5 8.19 (d, 1H), 7.82 (d, 1H). 7.44 (dd, 1H), 6.95 (d, 1H). 6.40 (d. 
1H). 4.65 (q, 1H), 4.20 (app s. 2H), 3.42-3.32 (c, 2H), 2.73 (s. 2H), 2.14 (d, 2H). 1.67 
(td. 2H), 1 .48 (d, 3H); MS (APCl) 374. 376 (MH*); [a]o +1Z6 (c 0.5. MeOH). . 

Examples 79 to 85 

Examples 79 to 85 were prepared from the appropriate starting materials in a nianner 
1 5 analogous to the method of Example 78. 




Example 


R» 




0 


mp CO) 


MS <MH*) 


79 


6-Ph 


H 


CHj 




402 


80 


6-Ph 


H 


CHOH 




418 


81 


6-Ph 


H 


CO 




416 


82 


6-OMe 


H 


CO 


156.5-157.5 


370 


83 


7-Br 


H 


CO 




418.420 


84 


. 5-CI 


6-a 


CO 




408,410 


85 


&OMe 


7-OMe 


CO 




400 



20 
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Examole 86 

fRV144-f2-Methvi-4-Dhenvl-5.8>dlhvdit>-6H>Dvridor34.KllDvrimidi^^^ 
yiy^thanQl. 



5 Step A: 7-Benzvl-2-methvl-5.6 J.8"tetrahvdrD-3H-Dvridof3.4-dlD\Tim{din-^ A 
solub'on of sodium ethoxide in ethanol was prepared by addition of sodium metal (5.7 
g, 247 mmol) to absolute ethanol (141 mL). After the sodium metal had all dissolved, 
ethyl 1-benzyl-3-oxo-4-plperidine carboxylate hydrochloride (21 g, 70,5 mmol) was 
added followed by acetamidine hydrochloride (13.3 g, 141 mnrol). This mbcture was - 

10 stirred at reflux for 1 h, cooled to room temperature, and concentrated. The residue 
was dissolved in a minimum amount of water and the pH was adjusted to about 7 with 
giadal acetic add. The resulting yellow predpitate was filtered, washed with water 
(3x), air-dried for 2 h, then vacuum-dried overnight to provide 17.1 g (95%) of the title 
compound of Example SB, Step A as a yellow solid. *H NMR (CDCIa, 250 MHz) 5 

15 7.35-7^5 (c, 5H). 3.70 (s. 2H), 3.42 (s, 2H). 2.73-2.64 (c. 2H), 2.64-2.60 (c, 2H), 2.41 
(s. 3H); MS (APCI) 256 (MH*). 

Step B: 7-Ben2^^l-4<;hioro-2-methvi-5.8-dihvdn>6H*DVridor3.4-dlDvrimfdine . 7- 
Ben2yl-2-methyl-5,6J3-tetrahydro-3H-pyrido[3,4-d]pyrimidirh4-one (prepared 
according to the method of Example 86, Step A, 17.1 g, 67.0 mmol) was suspended in 

20 phosphorus oxychloride (66 mL, 335 mmol). This mixture was-stinBd at reflux for 1 h, 
cooled to room temperature, evaporated, then chased with toluene. The residue was 
carefully diluted with ice/water/chloroform and the layers were separated. The 
aqueous pbase was extracted with chloroform (3x) and the combined organic extracts 
were washed with saturated aqueous sodium bicarbonate (1x) and water (1x), dried 

25 over sodium sulfate, filtered, and evaporated to give the title compound of Example 
86, Step B as a brown oil that was used without purification in the next step. NMR 
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(CDCI3, 250 MHz) S 7.36-7.23 (c. 5H). 3.73 (s, 2H), 3.63 (s. 2H), 2.63 (app s. 4H), 
2.36 (s, 3H); MS (APCI) 274, 276 (MH*). 

Step C: 7-Ben2vl-2-methvi-4-Dhenvl-5.8-dlhvdn>^H-DNnid To a 

suspension of 1 ,4-diphenylphosphinobutane (1.43 g. 3.35 mmol) in toluene (50 mL) 
5 was added bis(benzonlWle)panadjum(ll) chloride (1 .28 g. 3.35 mmol). This mixture 
was stiaed for 25 min at room temperature, then was added to a suspension of 7- 
ben2yl-4-chloro-2-mBthyl-5,8-dlhydro-6H-pyrido[3,4-dlpyrinTidine (prepared according 
to the method of Example 86, Step B, 67.0 mmol, assumed) and phenylboronic add 
(10.6 g, 87.1 nrvnol) in a mixture of absolute ethanol (40 mL). toluene (175 mL), and 2 

10 N aqueous sodium carbonate (33.5 mL). This mixture was stimed at reflux for 6.5 h, 
cooled to room temperature and stin-ed for -2.5 d, then filtered through a pad of 
Celite. The filtrate was concentrated and the residue was diluted with water and 
extracted with chloroform (3x). The combined organic extracts were dried over 
sodium sulfate, filtered, evaporated, and purified by flash column chromatography 

1 5 (45-^50% ethyl acetate/hexanes) to give 1 6.5 g (78%. two steps) of the title 

compound of Example 86, Step C as a yellow oil. NMR (CDClj, 250 MHz) 6 7.57- 
7.54 (c. 2H). 7.48-7.24 (c. 8H). 3.71 (app s. 4H), Z85 (t, 2H), 2.71-2.67 (c, 2H), 2.69 
(s, 3H); MS (APCI) 316 (MHT). 

Step D: 2>Methvi-4-Dhenvl-5.8-dihvdro-6H'Dvridor3.4-dlDvrimidine . 7-Benzyl-2- 
20 methyl-4-phenyi-5,8-dihydro-6H-pyrido[3,4-d]pyrimidine hydrochloride was fomied in 
situ by addition of hydrogen chloride (1.9 M in methanol, 31.1 mL, 51.1 mmol) to a 
solution of 7-benzyl-2-methyl-4-phenyl-5,8-dihydro-6H-pyrido[3,4^pyrimidine 
(prepared according to the method of Example 86, Step C, 16.5 g, 52.2 mmol) in 
methanol (75 mL). After stirring 10 min at room temperature, a precipitate formed, 
25 and another aliquot of methanol (100 mL) was added to obtain a homogeneous 
solution. To this mixture was added a slurry of 10% palladium on cartoon (3,3 g, 20 
v^/o) in methanol followed by ammonium fomiate (16.5 g. 261 mmol). This mixture 
was stin-ed at reflux for 5 h, cooled to room temperature, and filtered through Celite. 
The filtrate was evaporated, diluted with saturated aqueous sodium bicarbonate, and 
30 extracted with chloroform (3x). The combined organic extracts were dried over 

sodium sulbte, filtered, evaporated, and purified by flash column chnsmatography (3% 
methanol/chloroform -t- 1% ammonium hydroxide) to give 6.7 g (57%) df the title 
compound of Example 86, Step D as an off-white solid and 2.4 g (19%) of 7-formyl-2- 
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methyl-4-phenyl-5.8-dihydrc>-6H-pyridoI3,4-dlpyrimidine as a yellow gum. Treatment 
of the 7-fomrtyl byproduct with methanolic hydrogen chloride at room temperature 
overnight followed by aqueous workup and column chromatography pro>^ded an 
additional 1 .4 g (12%) of the title compound of Example 86. Step D. NMR (CDCIs. 
5 250 MHz) 5 7.55-7.40 (c, 5H). 4.09 (s, 2H), 3.05 (t. 2H), 2.75 (t, 2H). 2.79 (s, 3H); MS 
(APCI) 226 (MH"). 

Step E: (RVl44-(2-MBthvl-4-phenv(-5.8-dihvdro-6H-Dvridor3.4Kj1pvTimidin-7-vtV • 
pvrimidirv2-vn-ethvl butvrate. To a solution of 2-methyl-4-phenyl-5,8-dihydro-6H- 
pyrido[3.4-d]pyrimidine (prepared according to the method of Example 86, Step D, 6.8 

1 0 g. 30.0 mmol) in isopropanol (125 mL) was added (R)-1-(4-chlorD-pyrimidln-2-yl)-€thyl 
butyrate (prepared according to the method of Preparation Seven, 6.8 g, 30 mmol) 
followed by triethylamine (12.5 mL, 89.9 mmol). This mixture was stirred at reflux for 
8 h, cooled to room temperature overnight, and evaporated. The residue was diluted 
with saturated aqueous sodium bicarbonate and extracted with ethyl acetate (3x). 

1 5 The combined organic extracts were dried over sodium sulfate, filtered, evaporated, 
and purified by flash column chromatography (2% methanol/ethyl acetate) to give 
1 1.0 g (88%) of the title compound of Example 86, Step E. as a yellow oil. NMR 
(CDCI3. 250 MHz) 5 8.28 (d. 1H), 7.62-7.40 (c, 5H). 6.45 (d, 1H), 5.69 (q. 1H). 4.78 (s. 
2H), 3.93 (app s, 2H), 2.95 (t, 2H). 2.77 (s. 3H). Z40 (t, 2H), 1.77-1.63 (c, 2H). 1.60 (d, 

20 3H).0.98(t,3H);MS(APCI)418(MHn. 

Step F: fRV144>(2-Methvl^Dhenv{-5.8-dihvdro-6H-pvridDr3.4HjlDvrimidin-7-^^ 
Dvrimidin-2-vn«ethanol , To a solution of (R)-H4-(2-methyl-4-phenyl-5,8-dlhydn>^H- 
pyrido[3,4-d]pyrinTidin-7-yI)-pyrimidin-2-yl]-ethyl butyrate (prepared according to the 
method of Exanrple 86, Step E, 1 1 .0 g, 26.4 mmol) in dioxane (1 3 mL) was added 

25 concentrated hydrochloric add (22 mL, 264 mmol). This mixture was stirred at room 
temperature ovemight cooled to 0 ^C, neutralized via slow addition of 6 N aqueous 
sodium hydroxide, and extracted with ethyl acetate (4x). The combined organic 
extracts were dried over sodium sulfate, filtered, evaporated, and purified by flash 
column chromatography {2-^5% methanol/ethyl acetate) to give an oil whidi after 

30 titration with hexanes provided 8.0 g (88%) of the title compound as a white solid, 
mp: 1 14-1 16 "C; NMR (CD3OD, 250 MHz) 5 826 (d. 1H). 7.52-7.47 (c, 5H). 6.52 
(d, 1H), 4.79 (s, 2H). 4.66 (q. 1H). 4.24 (br s, 1H). 3.90-3.80 (c, 2H), 2.95 (t, 2H). 2.70 
(s, 3H). 1.49 (d, 3H); MS (APCI) 348 (MH*). [ak +15.6 (c 1.0, MeOH). 
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pyamalesaTtolOO 

Examples 87 to 100 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 86. 



5 




Example 


R» 


R» 


mo CO 


MSfMHn 


87 


H 


Ph 


72-74 


334 


88 


Ph 


H 




334 


89 


Ph 


Et 




362 


90 


Ph 


NH, 


225-228 (dec) 


349 


91 


Ph 


Ph 


73-75 


410 


92 


Ph 


4-pyridy! 




411 


93 


(4-OMe)Ph 


Me 


62-64 . 


378 


94 


(4-F)Ph 


Me 


55-58 


366 


95 


{4-Cl)Ph 


H 




368. 370 


96 


OMe 


Me 




302 


97 


OPh 


Me 


156-158 


364 


98 


SPh 


Me 


103-105 


380 


99 


N-indolinyl 


Me 


128-131 


389 


100 


NMez 


Et 




329 



Example 101 

10 /iU2-f 1 R-Hvdrnxv-^thvl Vpvrimidin^vn-2R -6S-dim6thvl>DiDera2in-1 -vlVf 2-phenvi-7,9> 
dlhvdro-5HH3\mdQf43-dlD vrimidin-6>viVmethanone. 
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Step A: 4-Oxo-piDeridin6-1.carfaoxv iir. griri tert-butvl ester. A mixture of 4-piperidone 
monohydrate hydrochloride (9.22 g, 60 mmol) and di-tert-butyl dicarbonate (10.9 g, 50 
mmol) in a 1:1 mixture of dichloromethane/saturated aqueous sodium bicarbonate 
5 (1 00 mL) was stirred at room temperature for 1 5.5 h. The layers were separated and 
the aqueous layer was extracted with cWorofomi (3x). The combined organic extracts 
were washed with 1 N aqueous phosphoric add (3x), dried over sodium sulfate, 
filtered, and evaporated to give 10.0 g (100%) of the title compound of Example 101. 
Step A as a white soBd. 'H NMR (CDQ,. 400 MHz) 5 3.70 (t. 4H). Z42 (t. 4H). 1.47 
10 {S.9H). 

Step B: a-nimethvtami n flm6thvlBne-4-oxQ-oiDeridine-1-carboxvlic acid tert-butyl 
ester . To a solution of 4-oxo-piperidine-1-cart>oxync acid tert-butyl ester (prepared 
according to the method of Example 1 01 , Step A 4.0 g, 20.0 mmol) in 
dimethylformamide (40 mL) was added tert-butoxybis(dimethyiamino)methane (4.35 

15 mL. 22 mmol). This mixture was stin^d at reflux for 1 5 h, cooled to room temperature, 
diluted with water, and extracted with ethyl acetate (5x). The combined organic 
extracts were washed with water (3x) and brine (1x), dried over sodium sulfate, 
filteied, and evaporated to give 3.64 g (72%) of the tlUe compound of Example 101 . 
Step B as a brown oB that was suflidently pure to carry on to the next step. NMR 

20 (CDCI,. 400 MHz) 5 7.47 (s. 1H). 4.53 (s. 2H), 3.58 (t. 2H). 3.09 (s, 6H), 2.43 (t. 2H). 
1.46 (s. 9H): MS (APCI) 255 (MH*). 

Step C: 2--Phenvl-7.8-<<ihvrim-5H-ov ridor4.3-dlPvrimidin6-6-cart30XVlic add tert-butvl 
ester . A mixture of 3-dimethylaminomethylene4-oxo-piperidine-1-carboxylic add tert- 
butyl ester (prepared according to the method of Example 101. Step B. 509 mg, 2.0 
25 mmol). benzamidine hydrochloride hydrate (470 mg. 3.0 mmol), and sodium ethoxide 
(1 M in ethanol. 6.0 mL, 6.0 mmol) in absolute ethanol (4 mL) was heated to reflux for 
about 3 d, coded to room temperature, and concentrated. The residue was diluted 
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with saturated aqueous sodium bicarbonate and extracted with chloroform (3x). The 
combined organic extracts were dried over sodium sulfate, filtered, evaporated, and 
purified by fiash column chromatography (Biotage Flash 408^ 10-^15% ethyl 
acetate/hexanes) to give 304 mg (49%) of the title compound of Example 101 , Step C 
5 as a yellow oil. NMR (CDCI,, 400 MHz) 5 8.52 (s. 1H), 8.40^.38 (c, 2H), 7.50-7.44 
(c, 3H). 4.62 (s, 2H), 3J8 (t 2H) 3.02 (t. 2H). 1.50 (s. 9H); MS (APCI) 312 (MhT). 
fitap D! 2-Phenvl-7.8-dihvdrD-5H-DvridQr4.3-dlDvrimidine hydrochloride . To a solution 
of 2-phenyl-7.8-dihydro-5H-pyrido[4.3-d]pyrimidine-6-carboxylic add tert-butyl ester 
(prepared according to the method of Example 101, Step C. 304 mg. 0.98 mmol) in 

10 ethyl acetate (2 mL) was added hydrogen chloride (2.5 M in ethyl acetate, 3.9 mL. 
9.76 mmol). This mixture was stirred at room temperature for 16 h and concentrated 
to give 256 mg {> 100%) of the title compound of Example 101, Step D as a pale 
yellow solid. NMR (CD3OD, 400 MHz) 5 8.75 (s. 1H), 8.42-8.38 (c, 2H), 7.51-7.45 
(c. 3H). 4.48 (s. 2H), 3.68 (t. 2H) 3.35-3.25 (buried. 2H); MS (APCI) 212 (MhT). 

15 Step E: lR-r4-f4-ChiorQcarfaQnvi-3R.5S>dim6thvl-p lDera2in-1-viVovrimidin-2-vl1-ethvl 
butvrate . To a solution of 1 R-I4-(3R.5S-<limethyli3iperazin-1-yl)-pyrimidin-2-yI]-ethyl 
butyrate (prepared according to the method of Preparation Three. 1 .36 g. 4.44 mmol) 
in dichloromethane (22 mL) at O'C under nitrogen was added pyridine (0.36 ml-, 4.44 
mmol) followed by triphosgene (883 mg. Z97 mmol). This mixture was stirred with 

20 warming to room temperature for 1 .5 h and quenched with saturated aqueous sodium 
bicariDonate. The layers were separated and the aqueous phase was extracted with 
chloroform (3x). The combined organic extracts were dried over sodium sulfate, 
filtered, evaporated, and purified by flash column chromatography (W2% 
methanol/chioroform) to give 1.59 g (97%) of the title conpound of Example 101, Step 

25 E as a brown oil. 'H NMR {CDCI3, 400 MHz) 5 823 (d. 1 H), 6.39 (d, 1 H), 5.66 (q, 1 H). 
4.544.47 (c, 2H). 4.35 (m, 1H). 425 (m, 1H). 3.20 (dt, 2H). 2.38 (t, 2H). 1.72-1.62 (c. 
2H). 1.56 (d. 3H), 1.31 (d, 3H). 1.30 (d, 3H), 0.95 (t, 3H); MS (APC!) 369, 371 (MH*). 
Step F: r442-(1R-Hvdrow-ethvlVDvrimidirv4-vn-2R -6S-dimethvl-DlD6razin-1-v!^ 
nhenvi-7.8-dihvdrtv5H-pvridor4.3-dlPvrimi din-6-vlVmethanone. A mixture of 2-phenyl- 

30 7,8-dlhydro-5H-pyrido[4.3-dlpyrimidine hydrochloride (prepared according to the 
method of Example 101, Step D. 160 mg. 0.65 mmol). 1R-[4-{4-chlorDcart)onyl- 
3R,5S-dimethyl-pipera2in-1-yl>-pyrimidln-2-yl]-ethyl butyrate (prepared according to 
the method of Example 101. Step E, 200 mg. 0.54 mmol), and triethylamine (0.19 mL. 



wo 00/59510 



PCT/IBOO/00296 



-185- 

1 .36 mmol) in tetrahydrofuran (5 mL) was stirred at reflux for 3 h, cooled to room 
temperature overnight, and concentrated. The residue was diluted with a 4:1 mixture 
of methanolAvater (5 mL) and lithium hydroxide hydrate (114 mg. 2J1 mmol) was 
added. This mixture was stin^d for 2.5 h, concentrated, and partitioned between 
5 saturated aqueous sodium bicarbonate and chloroform. The layers were separated 
and the aqueous phase was extracted with 20% isopropanol/chloroform (3x). The 
combined organic extracts were dried over sodium sulfate, filtered, evaporated, and 
purified by flash column chromatography (2-45% methanol/chloroform) to give 183 
mg (71%) the title compound as a white foam. NMR (CDCI3. 400 MHz) 5 8.56 (s, 

10 1H), 8.41-8.39 (c, 2H), 8.20 (d, 1H), 7.50-7.46 (c, 3H). 6.38 (d. 1H), 4.71 (s. 2H), 4.69 
(m. 1H). 4.28 (d. 1H), 3.89 (t, 2H) 3.83 (d, 2H). 3.60-3.56 (c. 2H). 3.45-3.39 (c. 2H). 
3.09 (t. 2H), 1.50 (d. 3H). 1.18 (d, 5H); MS (APCI) 212 (MH*); [ah +6.1 (c 1.8, CHCI3). 

Examples 102 to 110 
Examples 102 to 1 10 were prepared from the appropriate starting materials in a 

1 5 manner analogous to the method of Example 101. 



wo 00/59510 



PCT/IBOOA)0296 



-186- 



•••'Me 



Example 




R" 




R^* 


mpCO 


MS (MH*) 


102 


quinolin-2-yl 


H 


3R-Me 


5S-Me 


172-174.5 


407 


103 


qulnolin-3-yl 


H 


2R-Me 


6S-Me 




407 


104 


quinoBn-4-yI 


H 


3R-Me 


5S-Me 




407 


105 


quinoHiv6-yl 


H 


3R-Me 


5S-Me 




407 


106 


pyridin-3-yl- 


pyridin-3- 


2R-Me 


6S-Me 




' 462 




methyl 


yl-methyl 










Example 


NR* 


'R« 


R« 




mpCC) 


MS(MH*) 


107 


2-amino-7 ,8-dlhydro-5H- 


2R-Me 


6S-Me 


225-228 


413 


pyrido[4,3-d]pyrimidln-6-yl 










108 


2-{1 -hydroxy-1 -methyl- 


2R-Me 


6S-Me 




456 




ethyl)-7,8-dihydro-5H- 












pyrido[4,3-d]pyrirTudin-6-yl 










109 


5,7-dlhydro- 


2R-Me 


6S-Me 




458 




dibenzo[c,e]azepin-6-yl 










110 


4-[2-(1 R-hydroxy-ethyl)- 


3R-Me 


5S-Me 




499 




pyrimidin-4-yi]-3R,5S- 












dimethyi-piperaan-1 -yl 











gxamplBl11 

/n.1R4444-(9-Phenvl.6thani»sulfQnvlVp inara3jn.1-vn-nvrimidllv2-VlVeth^ 




^ S— N I 




'"Me 
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Step A: f gV1 R44>r4-f 2-Phenvl-ethenesulfQn>^^D ipflr||)7in.1 -vn<>vrimidin»2-vl^^ 
acetate . To a solution of {R)-1-[4-piperazirv1-yl)-pyrirnidln-2-yl]-ethyl acetate 
(prepared according to the method of Preparation Two, 0.25 g. 1 .0 mmol) and 
triethylamine (0.10 g, 1.0 mmol) in tetrahydrofuran (5 mL) was added (J- 
5 styrenesulfonyl chloride (0.21 g, 1.0 mmol) at ambient temperature and stirred for 1 h. 
The mixture was diluted with water and extracted twice with ethyl acetate. The extract 
was dried over magnesium sulfate, filtered, and the filtrate was concentrated to an oil, 
which was purified fay flash chromatography (9:1 dichloromethane:methanol) to give 
the title compound of Example 111. Step A as an oil, 0.1 5 g (34%). NMR (CDCIj. 

10 300 MHz) 5 1.48 (d. 3H). 2.15 (s, 3H). 323 (m, 4H). 3.84 (m. 4H). 5.61 (q. 1H). 6.40 
(d. 1H), 6.65 (d. 1H), 7,39-7.52 (m. 6H), 821 (d» 1H); MS (TS)417 (MH*). 
Step B: fgV1R-f4-f4-f2-Phenvl-ethenesulfonvlVDiDerazln"1«vn-Dvrimidin-2»vlVethanot . 
To a solution (E)-1 R-{4-[4-(2-phenyl-ethenesulfonyI)-pipera2in-1-yl]-pyrimidln-2-yl}- 
ethyl acetate (prepared according tiie metiiod of Example 111, Step A, 0.14 g, 0.33 

15 mmol) in methanol (1 mL) was added at ambient temperature 6 N aqueous potassium 
hydroxide (0.25 mL). After stirring for 3 h, Vne solution was diluted with ethyl acetate 
and washed twice witii water. The organic layer was separated, dried over 
magnesium sulfate, filtered, and tiie filtrate was concentrated to give Uie titie 
compound as a white solid, 0.09 g (69%). NMR (CDCI3. 300 MHz) 6 1.48 (d, 3H). 

20 3.23 (m. 4H). 3.S4 (m, 4H). 4.20 (br s.lH). 4.71 (q, 1H). 6.40 (d, 1H). 6.65 (d. 1H), 
7.39-7.52 (m, 6H). 8.21 (d, 1H); mp: 68-70 °C; MS (TS) 375 (MH^; [alo +20.9 (c 1.0, 
MeOH). 

Examples 112and 113 
Examples 112 and 1 13 were prepared from ttie appropriate starting materials in a 
25 manner analogous to the metiiod of Example 111. 
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••Me 



Example 



mprC) 



MS (MKT) 



112 



(R)-Me (S}-Me isopropylsulfonyl 
(R)-Me (S)-Me 1-mBlhyl-1H-imida20l-4- 

yl-sulfonyl 



152-154 



343 



113 



157-158 



381 



Example 1 14 



10 



15 



1RJ4-rS-f4-BrQmnhPn7enesulfnnvlV2R.5S-diay a.hlf;tfdor2.2.nheDt-2-vn-PVrimidin-2- 
vIVethanol . 



step A: 1 R-r4-f2R.5S-nia7a-bic:vdor2. ? i1hf.nt.2-vlVDvrimidin-2-vn-ethvl butyrgt? - To 
a suspension of 2.5^Jia2a-bicyciol2^.1]heptane diiiydrobromide (7.57 g, 88.0 mmol; 
Synthesis 1990, 10, 925) in didilonsmethane (90 mL) was added 1 ,8- 
diazablcyclof5.4.0]undec-7-ene (13.7 g. 90 mmol) and stirred until homogeneous. A 
solution of (R)-1-{4-chloro-pyrimidin-2-yl)-ethyl butyrate (prepared acconiing to the 
method of Preparation Seven, 10.2 g, 45 mmol) In dichioromethane (10 mL) was 
added and stirred at reflux for 14 h. The mixture was filtered and washed with 
saturated aqueous sodium bicarbonate. The organic layer was dried over sodium 
sulfate and filtered. The filtrate was concentrated to obtain a crude product which was 
purified by flash chromatography (9:1->5:1 dichloromethane:methanol)to give the title 
compound of Example 1 14. Step A as an oil, 6.75 g (51%). 'H NMR (CDCl,. 300 
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MH2) 6 0.92 (t. 3H). 1.54 (d, 3H). 1.68-1.78 (m, 5H), 2.68 (t, 2H), 3.38 (m, 1H). 3.76 
(m, 3H), 4.42 (m. 1H). 5.35 (q. 1H). 6.16 (d. 1H). 8.12 (d. 1H); MS (CI) 291 (MH^ 
Step B: 1 R44-f5^^4-BrQmQb6n2enesulfonvlV2R.5 S-diaza-b{cvclof2.2. 1 1hept-2-vn- 
pvriTnidin-2-vlVethvt butvrate . To a solution of 1R-f4K2R,5S-diaza-bicydo[2.2,1]hept- 

5 2-yl)-pyrimidin-2-yl]-ethyl butyrate (prepared according to the method of Example 1 14, 
Step A, 0.58 g, 2.0 mmol) and triethylamine (0.22 g, 22. mmol) in chlorofomi (10 mL) 
was added 4-bromobenzenesulfonyl chloride (0.55 g, 2.2 mmol) and stirred at 
ambient temperature for 16 h. The mixture was washed once with water, once with 
brine, dried over magnesium sulfate, filtered, and the filtrate was concentrated to give 

10 the title compound of Example 1 14, Step B as a dear oil, 0.92 g (90%). NMR 

(CDCI,. 300 MHz) S 0.92 (t, 3H). 1.54 (d, 3H), 1.68-1.78 (m, 5H), 2.68 (t, 2H), 325 (m, 
1H). 3.46 (m. 3H), 4.28 (m. 1H), 5.25 (q, 1H). 6.16 (d, 1H). 7.58 -7.64 (m. 4H). 8.12 (d. 
1H);MS(CI)510(MH*). 

Step C: 1R-^4-f5-f4-Bromobenzene5UlfonvlV2R.5S-diaza-bic vdQr2.2.nheDt-2»vn- 
1 5 pYrim!din-2-viV^thanol . To a solution of 1 R-{4-[5-(4-bromobenzenesulfonyl)-2R,5S- 
diaza-bicydo[2.2.1]hept-2-yI]-pyrimidin-2-yl}-6thyl butyrate (prepared according to the 
method of Example 1 14, Step B. 0.85 g. 1.6 mmol) in a 2:1 mixture of 
tetrahydrofuran:methanol (10 mL) was added at ambient temperature 6 N aqueous 
potassium hydroxide (1 mL). After stirring for 6 h the solufion was diluted with 
20 dichloromethane and washed twice with water. The organic layer was separated, 
dried over magnesium sulfate, filtered, and the filtrate was concentrated to a viscous 
oil which was purified by flash chromatography (9:1 dichloromethaneimethanol) to 
give the title compound as a white foam. 0.49 g (66%). NMR (CDCI3, 300 MHz) 5' 
1.54 (d. 3H). 1.68 (m, 2H), 1.78 (m. 1H), 325 (m, 1H), 3.46 (m, 3H). 4.28 (m, 1H). 
25 4.78 (q, 1H). 6.16 (d. 1H). 7.64 (m. 4H). 8.12 (d, 1H); mp: 83-88-0; MS (CI) 440 

(MH*); [alo -49.2 (c 1 .0, MeOH). 

gyamples115to120 

Examples 1 15 to 120 were prepared from the appropriate starting materials in a 
nnanner analogous to the method of Example 1 14. 
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Example 




mpCC) 


MS (MFT) 


115 


4-chlorophenylsulfonyl 


83-88 


395,397 


116 


2-thlenylsuffanyl 


84-86 


367 


117 


2-{5-chlorothienyl)-sulfonyl 


62-64 


401.403 


118 


4-carboxamidoylphenyl-sulfonyl 


148-151 


404 


119 


4-(tert-butylphenyl)-sulfbnyl 


72-75 


417 


120 


N,N-<jimethylsulfamoyl 


110-111 


328 



5 gxample 121 

(^f^^PviTGiidine^l ^suifonviVDioerazin-l -vn-DV rimlriin-2>viVmethanol. 

step A: 2-MathQxvmftthvl.4-f4-(pvrrolldine-1-su ltenvlVDlDerazin-1-vn-Dvrirnidine. To a 
solution of 2-methoxymethy!^piperazin-l-yl-pyrimidine (prepared according to the 

1 0 method of Preparation One, 2.08 g j 1 0 mmo!) and triethylamine (1 .01 g. 1 0 mmol) in 
tetrahydrofuran (20 mL) was added N-pyrrolidinesulfonyl chloride (1.69 g, 10 mmol) at 
0 'C and stirred for 3 h at ambient temperature. The mixture was dfluted with ethyl 
acetate and washed twice with water. The organic layer was separated, dried over 
magnesiufTi sulfate, mtered. and the filtrate was concentrated to an oil which was 

1 5 purified by flash chromatography (95:5 dichloromethane-jnalhanol) to give the title 
compound of Example 121. Step A as a dear oil. 3.24 g (93%). 'H NMR (CDCI,. 300 
MHz) 6 1.8.1-1.85 (m. 4H). 3,12-3.18 (m. 8H). 3.59 (s. 3H). 3.81(m. 4H), 4.43 (s. 2H). 
6.71 (d. 1H). 8.18 (d. 1H): MS (TS) 342 (MH^. 
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Step B: a.r4-fP\nTQl!dlne-1-stjlfDnvfVpiD arazlr»-1-vn-OYn"^iH'"-^-v'^Bt>^a"^^^ To a 
solution of 2-methoxymethyl^4-(pyrrolidn6-1-sulfbnyI)-piperazin-l-y 
(prepared according to the mettiod of Example 121 , Step A, 3.1 g, 9.4 mmol) in 
dichloromethane (47 mL) was added boron tribromide (1 M in dichioromethane, 19 

5 mL. 18.7 mmol) at 0 "C then stirred at ambient temperature for 2 h. The mixture was 
washed twice with saturated aqueous sodium bicarbonate, and the organic layer was 
separated, dried over magnesium sulfate, filtered, and the filtrate was concentrated- to 
give an oil which was crystallized from isopropyl ether to give the title compound as a 
white solid, 2.43 g (77%). 'H NMR (CDClj, 300 MHz) 6 1.82 (m, 4H), 3.15 (m, 8H). 

10 3.81 (m. 4H), 4.35 (d. 2H). 4.83 (t. 1H). 6.71 (d. 1H). 8.18 (d. IH); mp: 128-131 "C; 
MS (CI) 328 (MH*). 

Examples 122 to 125 
Examples 122 to 125 were prepared flrom the appropriate starting materials in a 
manner analogous to the method of Example 121 . 




Example 


R' 


R" 


mpCC) 


MS(MH*) 


122 


CHjOH 


2,5-dimethyipyrfolidin-1- 


128-131 


356 






yisulfbnyl 






123 


CHjOH 


piperidin-1-yisulfonyl 


141-142 


342 


124 


(R)-CH(Me)OH 


aza-bicycio[3.2.1]octan-8- 


111-112 


382 






ytsulfonyt 






125 


. (R)-CH(Me)OH 


aza-bicycio[3.2.1]octan-3- 


113-114 


396 






one-8-yt-sulfonyl 







20 Example 126 

(Pyi44>r2-f1R>Hvdroxv-^thvlVDvrimidlrv4-vn-D iDeraz!n-1>viV2-m 

pmoenone . 
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'•Me 



O 

Step A: f E V1 R44-r4-r2-Methvl-3-phenv{^crvlovl VDiDerazin-1 -v n-Dvrimidin>2-vlVethvl 
acetate . To a solution of (R)-1-(4-plpera2in-1-yl-pyrimidin-2-yl)-ethyI acetate 
(prepared according to the method of Preparation Two, 0.54 g. 2.1 mmol) and a- 
• 5 methylcinnamic add (0.34 g. 2.1 mmoi) In dichloromethane (10 mL) was added 1- 
hydroxybenzotriazple (0.50 g, 3.6 mmol) fbnowed by 1-(3-dimethyiaminopropyl)-3- 
etliylcarbodiimide hydrochloride (0.45 g, 2.4 mmol) at ambient temperature and stin^d 
for 48 h. The mixture was washed once with water, once with saturated aqueous 
sodium chloride, dried over magnesium sulfate, filtered, and the filtrate was 

10 concentrated to an oil which was purified by flash chromatography (9:1 

dichloromethaneimethanbl) to give the title compound of Example 125. Step A as a 
dear viscous oil. 0.53 g (53%). NMR (CDCI3. 300 MHz) 5 1.51 (d. 3H), 2.14 (s, 
3H), 2.18 (s, 3H), 3.75 (m. BH), 5.68 (q. 1H). 5.41 (d. 1H), 6.59 (s, 1H), 7.25-7.43 (m. 
5H). 8.23 (d, 1H); MS (CI) 395 (MhT); [alo +38.6 (c 1.0, MeOH). 

1 5 Step B: f EV1 -f4>r2-M R-Hvdroxv-ethvn-Dvrimldin-4-vn-DiDerazin»1 -vlV2-methvi-3- 
Dhenvi-proDenone . To a solution of (E)-1R-{4-[4-(2-methyl-3-phenyl-aayloyl)- 
piperazin-1-yi]-pyrimidin-2-yl}-ethyl acetate (prepared according to the method of 
Example 126. Step A, 0,51 g, 1.3mmol) in methanol (5 mL) was added at ambient 
temperature 6 N aqueous potassium hydroxide (1 mL). After stirring for 1 h the 

20 solution was diluted with ethyl acetate and washed twice with water. The organic 
layer was separated, dried over magnesium sulfate, filtered, and the filtrate was 
concentrated to give the title compound as a white solid, 0.25 g (55%). ''H NMR 
(CDCI3. 300 MHz) 6 1.51 (d. 3H). 2.14 (s, 3H). 3.75 (m. 8H). 4.22 (br s. 1H). 4.71 (q, 
1H). 6.41 (d. 1H). 6.59 (s. 1H), 7.25-7.43 (m. 5H). 8.23 (d, 1H); mp: 119-121 «C; MS 

25 (CI) 353 (MH*); [a]o +16.0 (c 1 .0, MeOH). 

Examples 127 to 129 
Examples 127 to 129 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 126. 
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129 4-(o-tolylcarbamoyl)-phenyl 



mp {»C) 
98-103 



MS(MH*) 
446 
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-R onynfi iran-2-vl-1-f4- 
p ipBraan-i -ytynmpenonB 




••'Me 



5 ^trr A. (c)-iP-fA.[^.rr^.ae^2ofu n "-9-^/l-aeTv^QvlV3R.SS^imethvl-plperazln-1-v^- 
^ v^ P^■Hin-?.^thvlbutv^ate . To a solution of 1R-H3R.5S-dlmethyl-piperazin.1.yl)- 
pyriniidln-2-yl]-ethyl butyrate (prepared according to the method of Preparation Three. 
0.79 9. 2.6 mmol) and triethylamlne (0.26 g. 2.6 mmol) in dichloromethane (90 mL) 
was added (E)-3-benzofutan-2.yl-acryloyl chloride (0.54 g. Z6 mmol) and stirred at 
10 ambient temperature for 16 h. then at reflux for 2.5 h. TTie mixture was washed 

successively with saturated aqueous sodium bicarbonate and water. and the organic 
layer was dried over sodium sulfate and filtered. The filtrate was concentrated to 
obtain a crude product, which was purifiedby flash chromatography (9:1 
dichloromethane:methanol) to give the title compound of Example 130. Step A as a 

15 viscous oil. 0.79 g (54%). NMR (CDCl,. 300 MHz) 6 0.95 (t. 3H). 1.40 (d. 6H). 1.56 
(d. 3H). 1.67 (q. 2H). 2.38 (t, 2H), 325 (d. 2H). 4.33 (m. 2H). 4.75 (m. 2H). 5.66 (q. 
1H). 5.95 (d. 1H). 6.40 (d. 1H). 7.14-7.37. (m. 5H). 8.06 (d. 1H). 8.22 (d. IH); MS (CI) 
477 (MH*): Wo +49.1 (c 1.0. MeOH). 

" step B: fFV^-RpnTofura P -?-yi-i-/4.r2-f1R-hvrimxv-ethvlVPVrimidin^Yn-2R.6S- 
20 ini-tlY!-rirrr7l"--'-"^""'°^"°"«- To a solution of (E)-1R-{444-{3-benzofuran-2-yl- 
acryloyl>-3R.5S-dlmethyl-piperazin-1-yI]-pyrimidin-2-ylHthyl butyrate (prepared 
according to the method of Example 130. Step A. 0.51 g. 1.1 mmol) in methanol (5 
mL) was added at ambient temperature 6 N aqueous potassium hydroxide (1 mL). 
After stining for 1 h the solution was diluted with ethyl acetate and washed twice with 
25 water. The organic layer was separated, dried over magnesium sulfate, filtered, and 
the filtrate was concentrated to give the title compound as a white solid. 0.49 g (75%). 
NMR (CDCl,. 300 MHz) 5 1 .40 (d. 6H). 1.56 (d. 3H). 325 (d. 2H). 4.33 (m. 2H). 
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4.75 (m. 2H). 4.6B (q. 1H). 5.95 (d. 1H). 6.40 (d. 1H). 7.14-7.37. (m. 5H). 8.06 (d. 1H). 
8.22 (d. 1H): mp: 80-82 -C; MS (CI) 407 (MH*): [ah +17.7 (c 1.0. MeOH). 



r^ ^^^^UA.t7Ui R.hvdrQxv ^ ^Yl>-»vrimldifv^vn.?R fiS-difnethyt-PlPgra^in-l-Yf}- 
5 methanone . 



Step A: lR.f444-CvdohBvaneearbonvl.aR.5S-dirP Bthvl.niDerazin-1-vlVDVnmidin-2- 
yt^^thvl butvrate . To a solution of 1R-l4-(3R,5S-dimethyI-piperazin-1-yl)-pyrimidin.2- 
yl]-ethyl butyrate (prepared according to tiie metiiod of Preparation Three, 306 mg. 

10 1 .0 mmol) and triethylamine (230 mg. 1 .2 mmol) in dichloromethane (1 0 mL) was 
added at ambient temperature cydohexanecartjonyl chloride (161 mg, 1.1 mmol). 
After 1 h the mixture was washed with water, and the dichloromethane layer was dried 
over magnesium sulfate and filtered. The filtrate was concentrated to give the title 
compound of Example 131. Step Aas an oil, 388 mg (94%). "H NMR (CDCl,. 300 

15 MHz) 5 0.94 (t. 3H). 1^-1.4 (m. 6H). 1.54 (d. 3H). 1.5-1.B3 (m. 12H), 2.44 (m, 3H). 
3.2-3.3 (m, 2H), 4.4-4.6 (m. 4H). 5.52 (q. 1H). 6.44 (d. 1H), 8.22 (d. 1H); MS (CI) 417 
(MH*). 

Step B: rvrlnhawM4-r?-MR.hvdroxv-e t hYiVnvrimidin^.vn-2R.6S-dimBthvl-piperazin- 
i.va-methanone . To a solution of 1 R-[4-(4-cyclohexanecarbonyl-3R,5S-dimethyl- 

20 piperazin-1-y!)-pyrimidin-2-yn-ethyl butyrate (prepared according to the method of 

Example 131. Step A 375 mg, 9.0 mmol) in methanol (5 mL) was added 6 N aqueous 
potassium hydroxide (0.5 mL) and stirred at ambient temperature for 4 h. The 
reaction mixture was concentrated, diluted with water, and extracted Into 
dichloromethane. The extract was washed twice with water, dried over magnesium 

25 sulfate, and evaporated to an oil The crude product was crystallized from ethyi ether 
to give the title compound as a white solid. 106 mg (34%). 'H NMR (CDCl,. 300 MHz) 
S 1.2-1.4 (m. 6H), 1.55 (d. 3H). 1.6-1.8 (m. 10H), 2.46 (m, 1H), 3.2-3.3 (m, 2H). 4.2- 
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Me 
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10 



15 



20 



4.6 (m. 4H). 4.78 (q. 1H). 6.43 (d. 1H). 8.22 (d. 1H); mp: 174-175 'C; MS (CI) 
347(MH*); [ot +18.4 (c 1 .0. MeOH). 

example 132 

Fufpr3.2-clD\ffiHin-2-v/l-f4-r2-/ 1R-hvrimxv-ethv<Vpyrimidin-4-vn-2R.6S-dimethvl- 
piPBrazln-1 -ytymethanone. 



Step A: 7.ChlQro-fufofa .y-rinvridine-g-carfaoxvlie acid . To a soluton of n-butyfflthium 
(2.5 M in hexanes. 17 mL, g, 42.6 mmol) In anhydrous ethyl ether (90 mL) was added 
dropwise a solution of 4-chloro-furo[3.2-clpyridine (5.81 g, 37.8 mmol; J. HeterocyoL 
Chem. 1975. 12, 705) in ethyl ether (85 mL) at -78 'C undernitrogen atmosphere. 
This mixture was stin^ for 1 .5 h at -65 "C. poured onto dry ice (100 cc) and wamied 
to ambient temperature and quenched into water. The separated organic layer was 
extracted once with water and the combined aqueous layers were acidified to pH 2 
with concentrated hydrochloric add to give the title compound of Example 132, Step A 
as a white solid. 3.33 g (45%). 'H NMR (CDC!,. 300 MHz) 5 7.69 (s. 1H). 7.85 (d. 1H). 
8.42 (d, 1 H); mp: 233-235 »C (dec); MS (CI) 1 53 (MH* - COj ). 
Step B: 7-Chloro-furor3.2-dDvridin6.2.carfaoxvli c add chloride. 7-Chloro-furoP,2- 
c]pyridine-2-carboxylic add (prepared according to the method of Example 132. Step 
A. 8.94 g. 45.2 mmol) was combined with thionyl chloride (30 mL) and sodium 
carbonate (9.59 g. 90.5 mmol) and heated to reflux for 16 h under nitrogen 
atmosphere. The cooled ntixture was diluted with dicWoromethane and ffltered. The 
filtrate was evaporated to give the tWe compound of Example 1 32. Step B as an 
orange oll,-9.19 g (94%). The add chloride was used directly without further 
purification. 

Step C: iR-f4.f4-/4-Chlnro-furpr3.2-rfDvridin6-2-ca ri3Qnv1V3R.5S-dimethvl-piDera2in-: 
i-vn-nvrimidir>-2-YlVathvl butvrate . To a solution of 1R-I4-{3R.5S-dimethyl-piperazin- 
1.yj).pyrimidin-2-yl]-e'hyl butyrate (prepared according to the method of Preparatlwi 




Me 
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Three. 13.04 g. 42.5 mmol) and triethylamine (8.61 g. 85.1 mmol) in dichloromethane 
(90 mL) was added 7-chloro.furo[3,2-c]pyridlne-2-carboxyiic acid chloride (prepared 
according to the method of Example 132. Step B. 9.1 g. 84.0 mmol) and stirred at 
ambient temperature for 2 h. The mixture was washed successively with saturated 

5 aqueous sodium bicartionate and water, and the organic layer was dried over sodium 
sulfate and filtered. The filtrate was concentrated to obtain a crude product which was 
purified by flash chromatography (9:1 dichloromethane:metinanol) to give the title • 
compound of Example 132. Step C as a viscous oO. 18.9 g (91%). 'H NMR (CDCIj. 
300 MHz) 5 0.95 (t. 3H). 1.40 (d. 6H), 1.56 (d. 3H). 1.67 (m. 2H). 2.38 (t. 2H). 3.25 (d. 

10 2H). 4.33 (m. 2H). 4.75 (m. 2H), 5.66 (q. 1H). 6.40 (d. 1H). 7.33 (s. 1H). 7.41 (d, 1H). 
8.23 (d. 1H). 8.35 (d, 1H); MS (CI) 487 (MhT); [ak +33.3 (c 1.0. MeOH). 
Step D: 1R./4.r4.rFuror3 9-dnvridine.2-c arhonvlV3R.5S-dimethvl-PlPerazin-1-vn- 
pvrimidin.2-vlVethvl butvrate . To a solution of 1R.{4-[4-(4-chloro-furo[3.2-c]pyridine-2- 
carbonyl)-3R,5S-dimethyl-pipera2ln-1-yl]-pyrimldin-2-yl}-ethyl butyrate (prepared 

15 according to the method of Example 132, Step C. 18.6 g. 38.4 mmol) in ethanol (160 
mL) was added sodium carbonate (4.07 g, 38.4 mmol) and 10% palladium on carbon 
(6.10 g, 33 wt%). This mixture was hydrogenated at 50 psi hydrogen for 6 h using a 
Pan- apparatus. The catalyst was filtered and the filtrate was evaporated to an dl 
which was purified by flash chromatography {9:1 {fichiorpmethane:nrwtiTanol) to give 

20 the title compound of Example 132. Step D as a yellow oB. 14.2 g (82%). 'H NMR 
(CDCI,. 300 MHz) 5 0.95 (t. 3H), 1.40 (d, 6H). 1.56 (d. 3H). 1.67 (q, 2H). 2.38 (t. 2H). 
3.25 (d. 2H), 4.33 (m. 2H). 4.75 (m. 2H). 5.68 (q. 1H). 6.40 (d. 1H). 7.37 (s. 1H). 7.48 
(d, 1H). 8.22 (d. 1H). 9.04 (s, IH); MS (CI) 452 (MH*); [a]o +36.7 (c 1.0, MeOH). 
Step E: Furor3.2-e1ovririin.2-vl-f4-r2-/ lR-hvdroxv-ethvlVpvrimidin-4-vn-2R.6S- 

25 riim6thvl.piDera7in-i -vlVmethanone . 1R-{4-{4.(Furo[3,2-c]pyridine-2-carbonyl)-3R,5S- 
dimethyl-piperain-1-yl}-pyrimidin-2-yl}-ethyl butyrate (prepared according to the 
method of Example 132. Step D. 5.48 g, 12.1 mmol) was combined with concentrated 
hydrochloric acid (15 mL) and stin-ed at ambient temperature for 6 h. The mbcture was 
poured into cold 6 M aqueous sodium hydroxide and extracted twice with ethyl 

30 acetate. The organic extract was washed once with water, dried over sodium sulfate 
and evaporated to a foam which crystallized from isopropyl efter to give the title 
compound as a white solid. 3.33 g (72%). 'H NMR (CDCl,, 300 MHz) 5 1.43 (d. 6H). 
1.52 (d. 3H). 3.37 (m. 2H). 4.38 (m, 2H), 4.71 (q, IH). 4.83 (m. 2H). 6.43 (d. IH). 7.38 
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(s. 1H). 7.47 (m. 1H). 8.22 (m. 1H). 8.54 (d. 1H). 8.58 (d, 1H). 9.04 (s. 1H): mp: 142- 
143 "C: MS (CI) 382 (MhT); [olo +15.9 (C 1.0, MeOH). 

gX^TPPle 133 

l^_^o-f. |p.^yH,nyv.«thviVn>mm 'T fir-^^/n.9R.6S-dlmftthvl-nin9rg?ip-1-^^^ 
5 vt.fiirof3.2-e1P Vririin'2-vlVmethanone. 




-N N- 

b' 

Me 

A solution of 1R-{4-{4-(4-chloro-furoI3.2-c]pyridlne-2-cart3onyl>-3R.5S-dimethyl- 
piperazin-1-yll-pyrimidin-2-yl}-ethyl butyrate (prepared according to the method of 
Example 132. Step C, 0.046 g. 0.11 mmol) In pyrrolidine (0.037 mL, 0.44 mmol) was 
10 heated to reflux for 14 h and evaporated to give the Htle compound as a tan solid. 0.04 
g (80%). UUR (CDCI,. 300 MHz) 5 1.43 (d, 6H). 1.53 (d. 3H). 2.08 (m. 4H). 3.43 
(m. 2H). 3.77 (m. 4H). 4.43 (m. 2H). 4.71 (q. 1H). 4.92 (m. 2H). 6.43 (d. 1H). 6.70 (d. 
1H). 7.60 (s. 1H). 8.08 (d. 1H), 8.23 (d. 1H); MS (CI) 451 (MH*). 
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Examples 140 and 142 to 158 were prepared from the appropriate starting materials 
in a manner analogous to the method of Example 131. Example 141 was prepared 
from the appropriate starting materials in a manner analogous to the method of 
5 Example 133. 




Example 



134 cyclopropylcari3onyl 

135 (^dobutylcari}onyi 

136 cydopentylcartxinyl 

137 tert-butylcarbonyl 



mp ("C) MS (MH*) 



2R-Me 6S-Me 

2R-Me 6S-Me 

2R-Me 6S-Me 

2R-Me 6S-Me 



110-111 305 

134-135 319 

199-200 333 

168-169 321 
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^19 



ExampI 
e 



mpi'C) MS(MH*) 



138 


benzofuran-2-yl 


2K-Me 


Do*ivie 




381 


139 


furo[3,2-c]pyridiiv2-yl 


H 


H 


55-65 


354 


140 


furo[3,2-c]pyridln-2-yl 


3R-Me 


oo-me 




382 


141 


morphoIin-4-yl-furo[3,2- 
clpyridin-2-yl 


2R-Me 


6S*Me 




467 


142 


furo[2,3-c]pyridine-2-yl 


2R-Me 


oS-Me 


IZsT- lO 1 




143 


5-chlorobenzDfuran-2-yl 


M 


n 




387 389 

WW 1 1 www 


144 


5-chlorobenzofuran-2-yl 


3K-Me 




114-116 


415,417 


145 


57-dichlorobenzofuran-2-yl 


2R-Me 


6S-Me 


136-137 


450,452 


146 


5,7-dichloroben20furan-2-yl 


3R-Me 


5S-Me 


152-1S3 


450, 452 


147 


5-nitrobenzofuran-2-yl 


2R-Me 


6S-Me 


153-154 


426 


148 


5,7-dimethylben20furan-2-yl 


3R-Me 


5S-Me 


134-136 


409 


149 


5-methoxyben2ofuran-2-yI 


3R-Me 


5S-Me 


137-138 


411 


150 


5-methoxyben2ofuran-2-yi 


2R-Me 


6S-Me 


118-119 


411 


151 


!mida20[1 ,2-alpyridin-2-yl 


H 


H 


149-150 


353 


152 


imidazo[1 ,2-a]pyridirv2-yI 


3R-Me 


5S-Me 


171-173 


381 


153 


imidazo[1 ,2-alpyridin-2-yi 


2R-Me 


6S-Me - 


147-149 


381 


154 


6-diiorolnnidazoI1,2- 
blpyrida2in-2-yl 


2R-Me 


6S-Me 


76-84 


416,418 


155 


&-methylimidazo[1,2- 
alpyridln-2-yl 


3R-Me 


5S-Me 


164-165 


395 


156 


ben2oxa20l-2-yl 


2R-Me 


6S-Me 


126-127 


382 


157 


4-cyanophenyI 


2R-Me 


6S-Me 


90r:l00 


366 


158 


6-hydroxy-pyridadn-3-yl 


2R-Me 


6S-Me 




359 
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1 44-r2-r 1 R-H vdroxv-ethvi\-Dvrimidin-4- YlV2R.6S-dimethvUniDera2in>1 -vm2>(6- 
yyifithvl-Dvridin-3-vloxv>-ethanone . 




Step A: 1 R>r4-/4-ChiorQacetvl-3R.5S^(methvl-Di n6razln-1 -vl VDVrimidin-2-vn-ethvl 
butvrate . To a solution of 1R-[4-(3R,5S-dimethyliDiperazirh1-ylH3yrimidin^^^ 
butyrate (prepared according to the method of Preparation Three. 9.69 g. 31 .3 mmol) 
and triethylamine (4.74 g. 46.9 mmol) in chlorofonn (150 mL) was added dropwlse 

10 chloroacetyl chioride (3.00 mL, 37.6 mmol) at 0 then stirred at ambient temperature 
for 1 2 h under nitrogen atmosphere. The mixture was washed successively with 
saturated aqueous sodium bicarbonate and water, and the organic layer was dried 
over sodium sulfate, treated with activated carbon, and filtered. The filtrate was 
concentrated to obtain an oil which was purified by flash chromatography (9:1 

1 5 dichloromethanermethanol) to give the title compound of Example 1 59, Step A as an 
oil. 8.98 g (75%). NMR (CDCI^. 300 MHz) 5 0.96 (d. 3H). 1 .32 (d, 6H), 1 .59 (d. . 
3H). 1.71 (m. 2H). 2.40 (t, 2H). 3.28 (m. 2H). 4.28 (s. 2H), 4.35 (m, 4H), 5.68 (q. 1H). 
6,41 (d. 1H). 8.23 (d, 1H); MS (CI) 383, 385 (MH*). 

■Q»Ap B! 1 R-(443R.5S-Dimathvl-4-rf6-methvi-avridin-3 -vioxvVacetvn-piDerazin-1 -ylV 
20 pYrim}din>2-vn"6thvi butvrate . To a suspension of sodium hydride (60% dispersion in 
oil, 0.05 g. 1 .3 mmol) In tetrahydrofijran (2 mL) was added a solution of 6-methyl-3- 
pyridinol (0.14 g, .1 .3 mmol) in tetrahydrofuran (3 mL) at 0 »C under nitrogen 
atmosphere and stin-ed for 0.5 h warming to ambient temperature. Next, a soiution of 
1 R44-(4-chloroac8tyl-3R,5RKlimethy|.piperazin-1-yl)-pyrimidln-^^^ bytyrate 
25 (prepared according to the method of Example 1 59. Step A, 0.40 g, 1 .1 mmol) in 

tetrahydrofuran (2 mL) was added and refluxed for 1 h. The mixture was diluted with 
dichloromethane and washed with saturated aqueous sodium bicarbonate, dried over 
sodium sulfate and filtered. The filtrate was evaporated to an oil which was purified by 
flash chromatography (9:1 dichioromethane;methanol) to give the title compound of 
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Example 159. Step B as an oB. 0.31 g (66%). 'H NMR (CDCI,. 300 MHz) 5 0.96 (d. 
3H). 1.32 (d, 6H). 1.59 (d, 3H), 1.71 (m. 2H), 2.40 (t. 2H). 2.46 (s. 3H), 3.28 (m, 2H). 
3.78 (s. 2H). 4.35 (m. 4H). 5.68 (q, 1H). 6.41 (d. 1H). 6.83 (m. 1H). 7.14 {m, 1H), 8.08. 

(d. 1H), 8.23 (d. 1H); MS (CI) 456 (MH*). 
5 Step C; l^4-f2-riR-Hvdroxv-ethN4Vo\ffimlrfin-it-vn.2R.6S .dirriBthvl-Diperazin-1-vlV2- 
ffi^Bthvl-DVTidin.3-vlQxvVQthanone . 1 R.(4-{3R,5S-DimBthyM-[(6-methyl-pyridin-3- 
ylo)cy)-acetyl]-pipera2in-1-yl}-pyrimidln-2-yl)-ethyl butyrate (prepared according to the 
method of Example 159. Step B. O.SO g. 0.65 mmol) was combined with concentrated 
hydrochloric acid (3 mL) and stin^d at ambient temperature for 6 h. The mixture was 

1 0 neutralized with 6 N aqueous sodium Kydroxlde to pH 9 and extracted twice with ethyl 
acetate. The organic extract was washed once with water, dried over sodium sulfate 
and filtered. The filtrate was concentrated to an oil which was purified by flash 
chromatography (9:1 dlchloromethanermethanol) to give the tille compound as a white 
foam. 0.14 g (55%). 'H NMR (CDCIs. 300 MHz) 5 1.38 (d. 6H). 1.55 (d, 3H), 2.46 (s.. 

15 3H). 3.28 (m. 2H), 3.76 (s. 2H). 4.35-4.65 (m. 4H). 4.67 (q, 1H). 6.38 (d. 1H), 6.83 (m. 
1H). 7.11 (m. 1H), 8.08, (d. 1H), 821 (d, 1H); mp: 55^5 "C; MS (CI) 330 (MH*); [ok 
+16.0 (c 1.0, MeOH). 



1-f442-(1R-Hvdroxv-ethvtVDvrimidin-4-vn-2R.6S^imethvl-DiDerazin-1 -vn-2-(Dvrimidin- 
20 2-visuifanviV-ethanone . 



Example 160 was prepared firom the appropriate starting matsrials in a manner 
analogous to example 159. 'H NMR (CDCI,, 300 MHz) 8 1.38 (m. 6H). 1.48 (d, 3H). 
3.28 (m, 2H), 3.95 (s. 2H). 4.35 (m. 4H), 4.65-4.97 (m. 3H), 6.28 (d, 1H). 6.93 (m. 1H). 
25 7.1 1 (m, 1H), 8.21 (d, 1H), 8.45. (m. 2H): mp: 60-70 "C; MS (CI) 389 (MH*); [ok +16.8 
(d.O.MeOH). 



Example 160 



Me 
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Example 161 

4-r2«M R-Hvdroxv-ethvn-D\mmfdin-4*vn-2R.6S-dimethvl-Diperazine-1 -carboxvlic add 
phenvi ester . 



Step A: 4-r2-f 1 R-Butvrvioxv-ethvlVpvrimidln-4>v[V2R.6S-dirnethvl-DiDera2ine-1- 
carboxviic add phenvi ester . To a solution of 1R-[4-{3R,5S-dimethyl-piperazin-1-yl)- 
pyrimidin-2-yl]-ethyl butyrate (prepared according to the method of Preparation Three. 
0.30 g, 0.98 mmoi) and triethyiamine (0.20 g. 1.9 nvnof) in dichloromethane (5 mL) 
was added phenyl chlorofbrniate (0.76 g, 4.8 nnnnol) and stinBd at ambient 
temperature for 2 h under nitrogen atmosphere. The mixture was washed 
successively with saturated aqueous sodium bicarbonate and water, and the organic 
layer was dried over sodium sulfate and filtered. The filtrate was concentrated to 
obtain an oil which was purified by flash chromatography (9:1 
dichloromethaneimethanol) to give the title compound of Example 161 , Step A as an 
oil. 0.35 g (84%). NMR (CDCIj, 300 MHz) 5 0.96 (d. 3H). 1 .32 (d, 6H). 1 .59 (d. 
3H). 1 .71 (q. 2H). 2.40 (t, 2H). 328 (m, 2H). 4.35 (m. 4H), 5.68 (q. 1H). 6.41 (d. 1H), 
7.12 (d, 2H). 7.22 (m. 1H). 7.35 (m, 2H). 8.23 (d. 1H); MS (CI) 427 (MH*); [alo +39.6 
(d.O.MeOH). 

Step B: 4-r2-^ 1 R>Hvdroxv-6thvlVbvrimidin"4"Vn-2R.6S-dimethvl-piDera2ine-1« 
cartaoxvlic add ohenvl ester . 4-[2-(1R-Butyryloxy-ethyl)-pyrimidin-4-yIJ-2R,6S- 
dimethyl-piperazine-1-carboxylic add phenyl ester (prepared according to the method 
of Example 161. Step A. 0.31 g, 0.70 mmol) was combined with concentrated 
hydrochloric add (5 mL) and stirred at ambient temperature for 6 h. The mbcture was 
neutralized with 6 N aqueous sodium hydroxide to pH 9 and extracted twice with ethyl 
acetate. The organic extract was washed once with water, dried over sodium sulfate 
and filtered. The filtrate was concentrated to an oil which was purified by flash 



chromatography (9:1 dichloromethane:methanol) to give the title compound as a white 
solid. 0.12 g (81%). NMR (CDCI3, 300 MHz) 5 1.41 (d. 6H). 1.51 (d. 3H). 3.34 (m, 



HQ 




Me 
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2H), 4.43 (m, 2H). 4.52 (m. 2H). 4.71 (q. 1H). 6.46 (d. 1H). 7.12 (m, 2H), 7.23 (m. 1H). 
7.35 (m. 2H). 8.23 (d, 1H); MS (CI) 357 (MH*); [afc +16.9 (c 1.0, MeOH). 

gxamole 162 

^.flR-Hvdrow-ethvlVnxmmidin-4>vn - gRes-dlmethvl-niDera2ine>1^ 
5 pYridin>3-vi ester . 




Me 



Step A: 442>f1R-Hvdrow-ethvl)-Dvrimidin«4-vn>2R.6S-dimeth vl-DiDeraz}ne'1-carb^^ 
chloride . To a solution of 1R-[4-(3R,5S-dimethyl-pipBrazin-1.yl)-pyrimidin-2-yl]-ethyl 
butyrate (prepared according to the method of Preparation Three, 3.61 , 1 1 .8 mmol) 

1 0 and pyridine (0.93 g. 1 1 .8 mniol) in dichloromethane (50 mL) was added triphosgene 
(1.17 g. 3.9 mmol) and stinBd at ambient temperature for 16 h under nitrogen 
atmosphere. The mixture was washed successively wKh saturated aqueous sodium 
bicarbonate and water, and the organic layer was dried over sodium sulfate and 
filtered. The filtrate was concentrated to obtain an oil which was purified by flash 

1 5 chromatography (ethyl acetate) to give the title compound of Example 1 62. Step A as 
a yellow oil, Z12 g. (51%). 'H NMR (CDCl,, 300 MHz) S 0.90 (t. 3H). 1.31 (d. 6H). 
1.56 (d, 3H). 1.68 (m, 2H). 2.38 (t, 2H), 3.21(m. 2H). 3.88-4.40 (m, 4H), 5.66 (q. 1H), 
6.43 (d. 1H). 8.22 (d, 1H); MS (CI) 369, 371 (MH*). 

Step B: /4>r2>ri R-ButvrvlQxv-6thvfVpvrimidin-4 >vn-2R.6S-dimethvi>DiDerazineV1 - 
20 cari^oxvlic add Dvridin-3-vi ester . To a suspension of sodium hydride (60% dispersion 
in oil, 0.045 g. 1.15 mmol) in anhydrous tetrahydrofuran (8 mL) was added 3- 
hydroxypyridine (0.1 1 g, 1 .1 5 mmol) at 0 After a homogeneous solution was 
obtained, a solution of 4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yO-2R,6S-dimethyl- 
piperazine-'f-catonyl chloride (prepared according to the method of Example 162, 
25 Step A, 0.36 g, 0.96 mmol) in tetrahydrofuran (3 mL) was added at 0 and this 
mixture was wanned to ambient temperature, then heated to reflux for 6 h. The 
mixture was quenched in water and extracted twice with ethyl acetate. The combined 
organic layers were dried over sodium sulfate and filtered. The filtrate was 
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concentrated to obtain an oil. whi* was purified by flash chromatography (ethyl 
acetate) to give the title compound of Example 162. Step B as a semi-solld, 0.31 g 
(78%). NMR (CDCl3. 300 MHz) 6 0.90 (t 3H). 1.35 (m. 6H). 1.61 (d, 3H), 1.69 (m. 
2H). 2.41 (t, 2H). 3.30 (m. 2H), 4.1M.38 (m, 4H). 5.69 (q, 1H). 6.41 (d. 1H). 7.32 (m, 
5 1H). 7.52 (m, 1H). 8.22 (d. 1H). 8.45 (s. 1H), 8.48. (d, 1H); MS (CI) 428 (MH^. 
Step C: 4>f2>nR-Hvdroxv-ethvlVDvrimidin-4-vn- 2R.BSHjimethvl-Diperazine>1> 
r^rhnwiic arid Dvridin>3-vl ester . (442-f1R'Butyryloxy'ethyl)-pyrimidin^yO-2R,6S- 
dimethyl-piperazine}-1-carboxylic add pyridin-3-yl ester (prepared according to the 
method of Example 162, Step B. 0.31 g. 0.70 mmol) was combined with concentrated 

10 hydrochloric add (5 mL) and stioed at ambient temperature for 6 h. The mixture was 
neutralized with 6 N aqueous sodium hydroxide to pH 9 and extracted twice with ethyl 
acetate. The extract was washed once with water, dried over sodium sulfate and 
filtered. The filtrate was concentrated to an oil which was purified by flash 
chromatography (9:1 dichloromethane:methanol) to give the title compound as a white 

15 solid. 0.12 g (81%). NMR (CDCla. 300 MHz) 6 1.41 (d. 6H). 1.51 (d, 3H). 3.33 (m, 
2H), 4.25-4.45 (m, 4H). 4.71 (q, 1H). 6.43 (d. 1H), 7.33 (m, 1H). 7.56 (m, 1H). 8.23 (d, 
1H). 8.25 (d. 1H). 8.48 (d, 1H); MS (CI) 358 (MH*); [at +18.5 (c 1.0. MeOH). 

Example 163 

4>f2-nR-Hvdroxv-ethvlVDvrimidln^vn-2R-Dhenvi-piDerazine-1>cartaoxvlic add 
20 pvridin-3-vl ester . 



Step A: 1R44->(3R-Phenv!-DiDerazin-1-v!VDvrimidin-2"vn-ethvl butvrate . To a solution 
of (R)-2-phenyrpiperazjne (0.48 g. 3.0 mmol, Indian J. Chem. Sect B 1994, 33. 285) 
and triethylamine (1.21 g. 12.0 mmol) in tetrahydrofuran (10 mL) was added (R)-1-(4- 
25 chloropyrimidin-2-yI)-ethyl butyrate (prepared according to the method of Preparation 
Seven, 0.68 g, 3.0 mmol) and sBrred at ambient temperature for 18 h. The mixture 
was poured Into saturated aqueous sodium bicariDonate and extracted with ethyl 




wo 00/59510 



PCT/lBOO/00296 



-206- 

acetate. The combined organic layer was dried over sodium sulfate and filtered. The 
filtrate was concentrated to obtain a crude product which was purified by flash 
chromatography (95:5 dichloromethane:methanol) to give the title compound of 
Example 163, Step A as a viscous oil. 0.70 g (67%). NMR (CDCI3. 300 MHz) 5 
5 0.95 (t, 3H). 1 .56 (d. 3H). 1 .67 (m. 2H), Z40 (t, 2H). 3.55 (m, 2H). 4.0 (m, 2H), 4.32 
(m, 2H). 4.70 (m. 1H). 5.69 (q. 1H), 6.49 (d. 1H). 7.40 (m, 5H), 8.21 (d, 1H); MS (CI) 
355 (MH*). 

Step B: 4-r2^1R-ButvrviQw-6thvlVpvr lmidin-4>vlV2R-Dhenvl-Diperazine-1-car^^ 
arid pvridin-3-vi ester. To a solution 1R-[4-(3R-phenyl-piperazin-1-yl)-pyrinmdin-2-yl]- 

10 ethyl butyralB (prepared according to the method of Example 163, Step A, 0.22 g. 0.6 
mmol) and triethyiamine (0.31 g, 3.1 mmol) in toluene (5 mL) was added dipyridin-3-yl 
carbonate (0.67 g, 3.1 mmol) and heated to reflux for 3 h. The mixture was poured 
into saturated aqueous sodium bicarbonate, the organic layer was separated and the 
aqueous layer was extracted with ethyl acetate. The combined organic layers were 

1 5 dried over sodium sulfate and filtered. The filtrate was concentrated to obtain a crude 
product which was purified by flash chromatography (9:1 dichloromethanermethanol) 
to give the title compound of Example 163, Step B as a yellow oil, 0.22 g (73%). MS 
(CI)476(MH*). 

Step C: 4*r2-f1R-Hvdroxv-ethviVDvrimidln^vn-2R-Dhenv i-DiDerazine-1-carfaoxvlic 
20 add pvridln-3-vl ester . 4-[2-(1R-Butyryloxy-ethyl)-pyrimidin-4-yI]-2R-phenyl- 

pipera2ine-1-carboxyiic acid pyridin-3-yi ester (prepared according to the method of 
Example 163, Step B, 0.21 g, 0.44 mmol) was combined with concentrated 
hydrochloric add (2 mL) arid stin^d at ambient temperature for 6 h. The mixture was 
neutralized with 6 N aqueous sodium hydroxide to pH 9 and extracted twice with ethyl 
25 acetate. The combined extracts were washed once with water, dried over sodium 
sulfate and filtered. The filtrate was concentrated to an oil which was purified by flash 
chromatography (9:1 dichloromethanermethanol) to give frie title compound as a white 
soHd, 0.13 g (73%). NMR (CDCI3, 300 MHz) 6 1.55 (d, 3H), 3.55 (m, 2H). 4.0 (m, 
2H). 4.32 (m. 2H), 4.71 (m. 1H). 4.75 (q, 1H). 6.40 (d. 1H). 7.18-7.41 (m. 7H), 8.24 (d, 
30 1 H), 8.35 (br s. 1 H). 8.45 (d. 1 H); MS (CI) 406 (MH^. 

Examples 164 to 173 
Examples 164 to 173 were prepared from the appropriate starting materials In a 
manner analogous to tiie method of Example 1 63. 
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Example 



mp^C) MS(Mhr) 



164 


3R-Me 


5S-Me 


phenyl 




357 


165 


3R-Me 


5S-Me 


2-methyl-pyridin-3-yl 


65-75 


372 


166 


H 


H 


pyridin-3-yl 


107-110 


330 


167 


3R-Me 


5S-Me 


2-chlorD-pyridin-3-yl 


60-70 


392.394 


168 


3R-Me 


5S-Me 


5-chloro-pyridin-3-yl 


65-69 


39^394 


169 


3R-Me 


5S-Me 


isoquinol'm-5-yl 


60-70 


407 


170 


3R-Me 




4-chloro-pyridln-3-yl 


60-70 


392, 394 


171 


3R-Me 


5S-Me 


6-methyHsyiidln-.3-yl 


60-70 


372 


172 


2RS- 

CHjOMe 


H 


pyridin-3-yl 




388 


173 


2RS-C02Et 


H 


pyridin-3-yl 




402 



gxampje 174 

(;^\-4-Bergvt-l4241>hvdro)o ^-^ihx/1Vovrimidin^vn-piperidin^^ 

HQ 



10 




'•Me 



HO ^ ' 

Step A: (Pyi 44-/4-Bep-n/i^vdroxv- rip<=*ridin-1 -v1^-Dvrimidin-2-vn-fithvl acetate. To 
a solution of 4-benzyl-4.hydroxypiperidine (0.95 g, 5.0 mmol) and triethylamine (0.51 
g, 5.0 mmol) in dichloromethane (10 mL) was added (R).H4-methanesulfonyloxy- 
p^midin-2.yl)-etliyl butyrate (prepared according to the method of Preparation Eight. 
1 .23 g. 4.0 mmol) and stirred at ambient temperature for 1 8 h. The mixture was 
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10 



15 



20 



washed once with water, once with saturated aqueous sodium chloride and the 
organic layer was dried over sodium sulfate and tl.terBd.T.efl.tr3te was evaporates 

to an oil which was purified by flash chromatography (95:5 
dichloromethane:methano.)toglve the title compound of Example 174. Step Aas a 
viscous oil. 0.99 g (52o/o). NMR (CDCI,. 300 MHz) 8 0.95 (t. 3H). 1.53 (d 3I^^. 
1.65-1.78 (m. 4H). 1.88 (m. 2H). 2.08 (m. 2H). 2.48 2H). 3.45 ^H). ^^^^^^^^ 
1H) 568(q.lH).6.41 (d, 1H). 7.30-7.48 (m. 5H). 8.18 (d. 1H); MS (CI) 384 (MH*.). 

Step B- .-a.r.^,L^J9.(^.-y-'-^ '^^'---^^'f^^^^^^^ "^^^ 
soiu^on of (R)-l.t4K4-benzyi.4-hydroxy-piperidin.1.yl)i3yrimidin-2-yil.ethyl butyrate 

(prepared according to the method of Example 174. Step A. 0.20 g. 0.52 mmd) in 
methanol (5 mL) was added 1 N aqueous sodium hydroxide (1 mL) and strrod for 4 h 
at ambient temperature. The mixture was diluted with dichloromethane and washed 
once with water, once with saturated aqueous sodium chloride and the organic layer 
was dried over sodium sulfate and filtered. The filtrate was evaporated to give the title 
compound as a foam. 0.12 g (680/0). 'H NMR (CDCI. 300 MHz) 5 1 .49 (d. 3H). 1 .74 
(br s. 2H). 1.82 (m. 2H). 2.08 (m. 2H). 3.42 (m. 2H). 4.42 (br s. IH). 4.71 (q. 1H). 6.43 
(d. IH). 7.33-7.48 (m. 5H). 8.21 (d. IH): MS (CI) 314 (MH*). 

Pvamnle 175 

/p^^PhBnvl.v r-f^■-^V'^myv■eth>rlVp^mmiriin^y^-piperidi^^. 

HO 

V'"Me 

HO -^-V/ 
Example 175 was prepared from the appropriate starting materials In a manner 
analogous to the method of Example 174. mp: 1 14 -C: MS (CI) 300 (MH*). 

FYamole 176 
,-p;pari Hin.1 .vn-DVF imiH;iv9.vlU6thanol. 





25 
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Step A: i-fA^a.nhlnmh6nz Y |H'»naW,inPririin6-1-y^n-1-r<»rhoxvllc add tert-butyl ester . 
To a suspension of 4-chlorobenzyltriphenyiphosphonium chloride (4.23 g, 10.0 mmol) 
in tetrahydrofuran (40 mL) was added n-butylllthium in hexanes (2.5 M in hexanes. 4.4 
mL. 11.0 mmol) at 0 'C undernltrogen atmosphere and stirred 0.5 h. A solution of 4- 

5 oxo-piperidine-1-cartoxylic add tert-butyl ester (prepared according to the method of 
Example 101. Step A. 1.99 g. 10.0 mmol) in tetrahydrofuran (10 mL) was added at 10- 
1 5 »C and wamied to ambient temperature. The mixture was evaporated to an oB 
which was purified by flash chromatography (9:1 hexanes:ethyl acetate) to give the 
title compound of Example 176. Step Aas an ofl. 2.63 g (85%). NMR (CDCI,. 300 

10 MHz) 5 1.39 (S. 9H), 2.48 (m. 2H). 2.57 (m. 2H). 3.68-3.82 (m. 4H). 6.36 (s. 1H). 7.08 
(m. 1H). 7.12-7.28 (m, 3 H); MS (CI) 308 (MH*). 

Step B: 4■/.'j.ChlQro.ben7 ^/^iH.^nBVDlP6ridine hydrochloride. To a solution of H4K3- 
chlorobenzylidene)-piperidine-1-yIl-1-cariDoxylic acid tert-butyl ester (prepared 
according to the method of Example 176. Step A. 2.5 g. 8.1 mmol) in dichlonamethane 
15 (20 mL) was added hydrogen chloride (4 M in dioxane. 4.0 mL, 16.0 mmol) at ambient 
temperature and stirred for4 h. The mixture was evaporated to dryness, suspended 
in ethyl ether and filtered to give the title compound of Example 175. Step B as a white 
solid. 1 .63 g (82%). 'H NMR (CDCI^jO, 300 MHz) 5 2.48 (m. 2H). 2.57 (m. 2H). 
3.63 (m. 2H). 3.77 (m. 2H). 6.36 (s. 1H). 7.10 (m. 1H). 7.12-728 (m. 3H); mp: ur-isi -c. 
20 Step C: f R VI 44-f4-(3-nhlnro-benzv liriBneVoiPeridln-1 .vn.pvrimldin-2-V»>-ethvl 

butvrate . To a solution of 4-i[3-chlorabenzyiidene)-ptperidine hydrochloride (prepared 
according to the method of Example 176. Step B. 0.46 g. 2.0 mmol) and triethylamine 
(0.61 g, 6.0 mmol) in dlchloromethane (10 mL) was added (R)-l-(4-chloropyrimidin-2- 
yl)-ethyl acetate (prepared according to the method of Preparation Five. 0.54 g. 22. 

25 mmol) and stirred at ambient temperature for 12 h. The mixture was washed 

successively with saturated aqueous sodium bicarbonate and'water, and the organic 
layer was dried over sodium sulfate and filtered. The filtrate was concentrated to 
obtain a aude product which was purified by flash chromatography (95:5 
dlchloromethane:methanol) to give the title compound of Example 176. Step C as a 

30 viscous oil. 0.64 g (80%). 'H NMR (COa,. 300 MHz) 5 0.95 (d. 6H). 1.51 (d. 3H). 

1.68 (m. 2H) 2.35 (m, 2H). Z47-2.64 (m. 4H). 3.67-3.75 (m. 4H). 5.68 (q. 1H). 6.36 (s. 
1H). 6.40 (d. 1H). 6.98 (m. 1H). 7.12-7.28 (m. 3H). 8.18 (m. 1H); MS (CI) 400 (MK). 
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« methanol (8 mt) was add^ 1 N aq^ ^^^^ ^ 

.«r«H fnr 4 h at arrtjient temperature. The mlxiure was unuw 

TnMR (COa.. 300 M^) 5 1.51 (d. 3H), Z46 (m. 2H), Z56 (m. 2HI 3.07 (m^2H, 
3 mm U. -35 (d. 1H), 1H), e.3S (3. 1H). e.40 (d. 1H). 7.<^ m. H^. T.12- 

Z t. 3H), 8.13 (n. 1H): mp: 45-55 -0. MS (C„ 330 (MHI. *16.8 (c 1.0. 
MeOH). 

P^«nir'"'>^77toi8i 

Exanp.es 177*0 181 were preparedfromthe appropriate starting matenalslna 
manner analogous to the method of Example 176. 




••Me 



>o-o 



20 



Example 


R« 




mp(»C) 


MS (MH*) 
330, 332 


~\77 
178 
17& 
180 

181 


4-chlorophenyl 
(E)-2-pheny«-ethen-1-yl 
benzoyl 
phenyl 
phenyl 


H 
H 
H 

phenyl 
pyrid-2-yl 


44-59 
108-109 
98-101 


322 
324 
372 
373 



Pvampie 182 
in 1 'I'll n\rrir^'^^"-^'Vn-Q^a^°^' 
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Step A- f°V M^^^-P^^'"-^- -''"T'^'1Y'-r'"''"^^'"-''"^'^ n>rrimif1in.?-vn-nttlYl apetat^- To 
a solution of (R)-H4-piper3zin-1-yIH3yrin«din-2-yn-ethyl acetate (prepared a«»rd^H^g 
to the method of Prepamtlon Two. 1.55 g. 6.2 mmol) and triethylamlne (0.86 mL. 6.2 

5 mmol) in tetrahydrofutan (20 mL) was added 2H»icoylchloride hydrochloride (1.01 g. 
6.2mmoI)atamfaienttemperatureandstirTedfor1 h. The mixture was diluted with 
water and extracted twice with ethyl acetate. The combined extracts were dried over 
magnesium sulfate, filtered, and the filtrate was concentrated to an oil which was 
purified by flash chromatography (95:5 dichloromethane:methanol) to give the title 

10 compound of Example 182. Step A. 0.98 g (46o/o). NMR (CDCl. 300 MHz) 5 1.58 
(d 3H) Z15 (s. 3H) Z62 (t. 4H). 3.72 (t, 4H). 3.75 (s. 2H). 5.67 (q. 1H). 6.35 (d. 1H). 
7.22 (m. 1H). 7.46 (d. 1H). 7.73 (m. 1H). 821 (d. 1H). 8.62 (d. 1H); MS (CI) 342 

(MH*). ^ , _ 

^,^,p p. ^ |.,D y^w,n.p.vHm^(hvl.r.inpm7in-1-vlVPVrimiriin.2-yn^thano J. Toa 

15 solution of (R).H4.(4.pyridin-2-ylmethyl^,lperazln.1-yl)^3yrimidln.2-^^^ acetate 
(prepared according to the method of Example 182. Step A. 0.14 g. 0.33 mmol) in 
dioxane (6 mL) was added at ambient temperature 6 N aqueous potassium hydrax.de 
(0 5 mL) After stimng for 3 h the solution was diluted with ethyl acetate and washed 
twice with water. The organic layer was separated, dried over magnesium sulfate. 

20 filtered, and the filtrate was concentrated to give the tiUe compound as a white solid. 
0 09 g (69%). 'H NMR (CDCl,. 300 MHz) 5 1.52 (d. 3H). 2.38-2.59 (m. 4H). 3.72-3.77 
(m. 6H). 4.69 (q. 1H). 6.37 (d. 1H). 7.22 (d. 1H). 7.41 (d. 1H).-7.59 (m. 1H). 8.21 (d. 
1H) 8.58. (d. 1H)-. mp: 68-70 »C; MS (CI) 300 (MH7. la]o +16.2 (c 1.0. MeOH). 

p,,ompiP«i 1Rato 187 

25 Examples 183 to 187 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 182. 
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•Me 



Example 

liT 

184 
185 
186 
187 



phenylmethyl 
isoqulnonn-2-y!-m6thyl 
benzothien-2-yl-methyl 
bBnzDthiazol-2-yl-methyl 
benzofuran-2-yi-mBthyl 



mp(»C) 



1 R44-r2R. ^'=i-r'imftthvl~4-r 
p.Yl\-fithanol. 



f=xamDle 188 
'^IhiagQl-l-vl-C 



MS(Mtr) 

"299" 
350 
355 
356 
339 



imidin- 




Step A: M'^P ,qR.nimethN "-rir''"^»-i-v'V2-^'^tt^^"''^' ilfonyl-pyrimidine. To a 
10 solution of ds-2.6^imethylpiperazine (10.7 g. 94.1 mmol) and triethytamine (9.52 g. 
94.1 mmol) In chlorofom, (300 mL) was added 4-chbro.2.methanesulfonylpyrimid.ne 
(15 1 g. 78.4 mmol: Heterocycles 1985. 23. 61 1) at ambient temperature and stirred 
for 1 h. The mixture was partitioned with saturated aqueous sodium bicarbonate and 
the separated organic layer was washed once with water, once with saturated 
15 ■ aqueous sodium chloride and the organic layer was dried over sodium sulfate and 
filtered. The filtrate was evaporated to an orange soBd which was slunied in ethyl 
ether and filtered to give the title compound of Example 188. Step A as a white solid. 
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10 



15 4 g (73%). 'H NMR (CDCI. 400 MHz) 5 1.01 (m. 6H). 2.35.2.78 (m. 4H). 2.85 (S. 
3H). 3.32 (m. 2H). 6.81 (d. 1H). B2 (d. 1H); mp: 182-183 -C; MS (CI) 301 (MH*). 
Step B: ^•^' ^ ^■«^.nim.thvl-nir -T-'--'i r'^^-" ^^^'^'^^"'••'•^'•^^^^ ^ """^ 

of sodium hydride (60% dispersion in oil. 0.37 g. 9.4 mmol) in dimelhyiformam.de (5 
mL) was added a solution of 1 ^ .4-tria20le (0.67 g. 9.4 mmol) in dimethylfomnamide (4 
mL) at 0 'C under nitrogen atmosphere. After 10 min. a solution of 4-(3R.5S- 
dimethyl-pipera2in-1-yl)-2-methanesulfonyl-pyiimidine (prepared according to the 
method of Example 1 88. Step A. 2.54 g. 9.4 mmol) in wami dimethylfomnamide (5 mL) 
was added dropwise and stirred at ambient temperature for 2 h then heated to 100 -C 
for 0 5 h. The mixture was quenched in saturated aqueous sodium bicarbonate and 
extracted twice with ethyl acetate. The combined extracts were washed once with 
water, once with saturated aqueous sodium chloride and the organic layer was dried 
over sodium sulfate and filtered. The filtrate was evaporated to an oil which was 
purified by flash chromatography (9:1 dichloromethanermethanol) to give the title 
15 compoundofExampie188.StepBasanon.0.50g(62%). NMR (CDCI,. 400 

MHT) 5 1.01 (m. 6H). 2.35-2.88 (m. 5H). 3.32 (m. 1H). 6.81 (d. 1H). 8.16-823 (m. 2H). 
9.25 (d, 1H); MS (CI) 260 (MH*). 

Step C: 1P-fii-f9ReS-Dim °«H yi^r9.fl.2.31tria7nl-1-vl-PVrimidin-4-viVpiperazin-1-vn: 
py^^iHin.9.vn^thvlbutvrate . To a solution of 4-{3R.5S-dimethyl-pipera2in-1-yl)-2. 

20 [1 2 4]tria2ol-1-yl-pyrimidine (prepared according to the method of Example 188. Step 
B 0.46 g. i.8mmol)inacetonitrile(3mL)wasadded(R)-1-(4-methanesulfonyloxy. 
pyrimidin-2-yi)-ethyl butyrate (prepared according to the method of Preparation Eight. 
0.57 g. 2.0 mmol) and heated to reflux for 6 h under nitrogen atmosphere. The 
mixture was quenched in saturated aqueous sodium bicartjonate and extracted twice 

25 with ethyl acetate. The combined extracts were washed once with water, once with 
saturated aqueous sodium chloride and the organic layer was dried over sodium 
sulfate and filtered. The filtrate was evaporated to an oil which was purified by flash . 
chromatography (9:1 dichloromethane:methanol) to give the title compound of 
Example 188. Step C as an oil. 022 g (54%). 'H NMR (CDCl,. 400 MHz) 5 0.95 (t, 

30 3H). 1.51 (m. 6H). 1.54 (d. 3H). 1.63 (m. 2H). Z38 (t. 2H). 3.38 (m. 2H). 4.33^.54 (m. 
4H). 5.68 (q. 1H). 628 (d. 1H). 6.58 (d. 1H). 8.10 (s. 1H). 8.26-8.32 (m. 2H). 9.10 (d. 
IH); MS (CI) 452 (MH*); [ok +50.0 (c 1.0. MeOH). 
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Step D: 1 R44.r2R.6S-DimBthvi^.f 2.ri . ? ^itr|a7oi.i -vl.Dvrimidin-4-vlVpiperazin-1 -vH- 
PYrimidin.2.vD-ethanol . lR-{4-[2B.6S-Dim6thyl-4-{2-[1A3]lriazol-1-yl-pyrimidin-4.yl). 
piperazin-1-yl]-pyrimidin-2-yl}-ethyl butyrate (prepared according to the method of 
Example 188, Step C, 0.18 g, 0.40 mmol) was combined with concentrated 

5 hydrochloric add (2 mL) and stirred at ambient temperature for 4 h. The mixture was 
quenched in saturated aqueous sodium bicarbonate and extracted twice with ethyl 
acetate. The combined extracts were washed once with water, once with saturated 
aqueous sodium chloride and the organic layer was dried over sodium sulfate and 
filtered. The filtrate was evaporated to an oil which was purified by flash 

10 chromatography (9:1 dichloromethane:methanol) to give the title compound as a white 
solid. 0.13 g (87%). 'H NIVIR (CDCI,. 400 MHz) 5 1.31 (d. 6H). 1.51 (d, 3H). 3.42 (m. 
2H). 4.42-4.73 (m. 5H). 6.41 (d. 1H). 6.56 (d. 1H). 8.12 (s. 1H), 8.24 (d. 1H), 8.30 (d. 
1H), 9.10 (s. 1H); MS (CI) 382 (MH*); Md +18.6 (c 1.0. MeOH). 

f=yampleBlB9to195 

1 5 Examples 1 89 to 1 95 were prepared from the appropriate starling materials in a 
manner analogous to the method of Exampte 188. 




20 



Example 






R* 


mpCC) 


MS (MH*) 


189 


2-hydroxyphenyl 


2R-Me 


6S-Me 


60-70 


407 


190 


imidazol-1-yi 


2R-Me 


6S-Me 


60-70 


381 


191 


■ [1,2,3]triazol-1.yl 


2R-Me 


6S-Me 


70-80 


382 


192 


pyrroM-yl 


2R-Me 


6S-Me 


70-80 


380 


193 


4-methylimldazol-1 -yl 


2R-Me 


6S-Me 


70-80 


395 


194 


2-methylimidazol-1 -yl 


2R-Me 


6S-Me 


70-80- 


395 


195 


2,4-dime»iylimidazol-1 -yl 


2R-Me 


6S-Me 


70-80 


409 
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iR-f^ReS-DitTv»thvl^441.2.41t r 1 fT1 ^l-1-vl-nvrimldin-?-VlVDi^^ 
p-vn-Qthand. 



Step A: %Thinmethvl-4-fi ?.41triazol-1- vl-ovrimidine. To a slurry of sodium hydride 
(60% dispersion in oil. 24.2 g. 605 mmoi) in dimethylformamlde (800 mL) was added a 
solution of 1,2,4-triazole (0.67 g. 9.4 mmol) in dimemylformamide (4.0 mL) at 0 "C 

10 under nitrogen atmosphere. After 10 min. a solution of 4-chloro-2-methylthio- 

pyrimldine (97.2 g, 605 mmol) in dimethylfbrmamide (200 mL) was added dropwise at 
10 'C and stirred at ambient temperature for 14 h. The mixture was quenched in 
water and the solid precipitate was filtered off and dried under vacuum to give the title 
compound of Example 1 96. Step A as a white solid. 11 3 g (94%). NMR (CDQ,. 

15 400 MHz) 8 2.82 (s. 3H), 6.82 (d. 1H). 8.18 (d. 1H). 8.19 (s. 1H), 9.35 (s, 1H); mp: 
125-126 »C; MS (CI) 194 (MH*). 

Step B: ?-M6thanesulfnnvU.ri ■2.41tp a7nl.1 .vl-pvrimidine. To a mechanically stirred 
suspension of 3-chloropero>cybenzoic add (75%. 127 g. 551 mmol) in chloroform (625 
mL) was added a solution of 2-thiomethyl^I1 .2.41tria2ol-1-yl-pyrimldine (prepared 

20 according to the method of Example 196. Step A, 50.7 g, 262 mmol) in chloroform 
(625 mL) and stin^d at ambient temperature for 16 h. The mbcture was filtered and 
the filtrate was washed six times with saturated aqueous sodium carbonate. The 
organic layer was dried over sodium sulfate, filtered, and concentrated to give the title 
compound of Example 196. Step B as a white solid, 37.8 g (64%). 'H NMR (CDO,. 

25 400 MHz) 8 3.62 (s. 3H). 6.82 (d. 1H). 8.19 (s. 1H), 8.24 (d. 1H), 9.35 (s. 1H): mp: 
135-136 "C; MS (CI) 226 (MH*). 




Me 



5 
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Step C: 2-f3R.5S>Dimethvl-DTDerazin-1-vn-441.24 ltriazol-1-vl>Dvrimid^ 2- 
Methanesulfonyl-4-[1 ,2.4]tria20l-1-yl-pyrimidine (prepared according to the procedure 
of Example 196. Step B, 32.5 g, 144 mmol) was combined with cis-2,6- 
dimethytpiperazine (34.5 g. 302 mmol) and heated neat at 135 ''C for 1 h, cooled, 
5 dissolved in 2 N aqueous hydrochloric acid and washed once with ethyl acetate. The 
acidic aqueous layer was basified to pH 9 with 6 N aqueous sodium hydroxide at 0 
then extracted four times with ethyl acetate. The combined extracts were washed- 
once with water, once with saturated aqueous sodium chloride and the organic layer 
was dried over sodium sulfate and filtered. The filtrate was evaporated to an oB which 
1 0 crystallized from hexanes to give the title compound of Example 1 96. Step C as a 
white solid, 31.8 g (71%). NMR (CDCIj, 400 MHz) 5 0.99 (d, 6H), 2.38 (m. 4H), 
3.30 (s. 2H). 6.82 (d, 1H). 8.18 (d. 1H), 8.19 (s. 1H). 9.35 (s, 1H); mp: 143-145 •C; MS 
(CI) 260 (MH*). 

Step D: 1 R-r4-r2R.6S-Dimethvl-4-r4-ri .2.41triazoi-1-vl-Pvrimidin-2-vlVDiDerazin-1 -vIV 
1 5 Dvrimidin-2-vlVethvi butvrate . To a solution of 2-(3R,5S-dimethyl-piperazin-1 -yl)-4- 
[1,2.4]triazol-1-yl-pyrimidine (prepared according to the method of Example 196, Step 
C, 8.33 g, 32.1 mmol) in acetonitrile (30 mL) was added (R)-1-(4- 
trifluoromethanesulfonyloxy-pyrimidin-2-yl)-6thyl butyrate (prepared according to the 
method of Preparation Nine, 5.50 g, 16.1 mmol) and heated to reflux for 3 h under 
20 nitrogen atmosphere. The cooled mixture was filtered and the solids were washed 
twice with ethyl acetate. The combined extracts were washed once with water, once 
with saturated aqueous sodium chloride and the organic layer was dried over sodium 
sulfate and filtered. The filtrate was evaporated to an oil which was purified by flash 
chromatography (99:1 dichloromethaneimethanol) to give the title compound of 
25 Example 196, Step D as an oil, 3.61 g (50%). 'H NMR (CDCI3, 400 MHz) 5 0.91 (d. 
6H). 1.26 (t. 3H), 1.59 (d, 3H). 1.69 (q, 2H), 2.40 (m, 2H). 3.40 (d, 2H). 4.60 (m, 4H). 
5.70 (q, 1H). 6.39 (d, 1H). 6.58 (d. 1H). 8.12 (s. 1H), 8.25 (d, 1H), 8.31 (d, 1H), 8.35 . 
(s,1H);MS(CI)452(Mir). 

Step E: 1 R4442R.6S>Dimethv{-4>f4>ri .2.41triazol-1 -vl-DVrimldln-2'Vl VoiDerazin-l -vlT- 
30 ovrimidin-2-vlVethanoL 1 R-{4-[2R,6S-Dimethyl^4-[1 ,2,4]tria2ol-1 -yl-pyrimidin-2-yl)- 
piperazin-1-yIl-pyrimidin-2-yl}-ethyl butyrate (prepared according to the method of 
Example 196, Step D. 3.60 g, 8.0 mmol) was combined with concentrated 
hydrochloric add (10 mL) and stin^d at ambient temperature for 4 h. The mixture was 
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10 



quenched in saturated aqueous sodium bicarbonate and extracted twice with ethyl 
acetate; The combined extracts were washed once with water, once with saturated 
aqueous sodium chloride and the organic layer was dried over sodium sulfate and 
filtered. The filtrate was evaporated to an oil which was purified by flash 
chromatography (99:1 dichloromethane:methanol) to give the title compound as a 
white solid, 2.35 g (77%). 'H NMR (CDCI,. 400 MHz) 5 1.31 (d, 6H), 1.51 (d, 3H), 
3.34 (m, 2H). 4.42 (m, 2H). 4.6W.82 (m. 3H). 6.42 (d. 1H). 7.11 (d. 1H). 8.11 (s. 1H). 
8.23 (d. 1H), 8.49 (d. 1H). 9.12 (s, 1H); mp: 181-182'C; MS (CI) 382 (MH*). 

Pxamples 197 to 200 

Examples 197 to 200 were prepared flrom the appropriate starting nrjaterlals in a 
manner analogous to the method of Example 1 96. 





""Me 



Example 



mp (°C) MS (MH*) 



197 
198 

199 
200 



imidazoi-1-yl 2R-Me 

morpholin-4-yl 2R-Me 

pyrroiidin-1-yl 2R-Me 

4-methyipiperazin-1-yl 3R-Me 



6S-Me 60-70 381 

6S-Me 70-80 400 

6S-Me 70-80 384 

5S-Me 168-170 413 



15 



Example 201 

1R44-r2R.6S-Dimethvi-4-(2-Dvridin-a-vl-avrimidir v4-vlVDlDerazin.1-vn-avfimldln-2-vnT 
ethanol . 
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Step A: 2>Pvridin-3-vUPNmmidirv4«\ /ltrifluorometh?nesutfQnate. To a solution of 2- 
pyridin-3-yl-3H-pyrimidin-4-one (150 mg, 0.87 mmol; J. Med, Chem. 1990. 33, 1230) 
and triethylamine (0.13 mU 0.95 mmo!) in dichloromethane (3 mL) was added 
5 dropwise a solution of trifluoromethanesulfonic anhydride (0.22 mL, 0.91 mmol) in 
dichloromethane (2 mL) at 0 ^'C under nitrogen atmosphere. The mixture was allowed 
to stir for 30 min at 0 °C then diluted with dichloromethane and washed once with 
water and the aqueous layer was extracted twice with dichlorornethane. The organic 
extracts were combined, washed sequentially with saturated aqueous sodium 

1 0 carbonate and saturated aqueous sodium chloride, dried over sodium sulfate and 
filtered. The filtrate was evaporated to give the title compound of Example 201, Step 
A as an orange oil. 0-22 g (95%), that was used without further purification. 
Step B: 1R44-r2R.65-Dim6thvl-4-f2-Dvridin-3-v (-Pvrimidtn»4>viVpipera2in-1-^^ 
PYrimidin-2-vlVethanol . A solution of 2-pyridin-3-yl-pyrimidln-4-yl 

1 5 trifiuoromethanesulfonate (prepared according to the method of Example 201 . Step A, 
0.15 g, 0.5 mmol) in tetrahydrofuran (3 mL) at 0 «C was added dropwise to a solution 
of 1R-[4-(2R,6S-dimethyl-pipera2in-1yl)-pyn7iidin-2-yl]-ethyl butyrate (prepared 
according to the method of Preparation Four. 0.15 g, 0.45 mmol) in tetrahydrofuran (2 
mL) and stin-ed for 1 h at ambient temperature. The mfadure was quenched in 

20 saturated aqueous sodium bicarbonate and extracted twice with ethyl acetate. The 
combined extracts were washed once with water, once with saturated aqueous 
sodium chloride and the organic layer was dried over sodium sulfate and filtered. The 
filtrate was evaporated to an oil and dissolved in concentrated hydrochloric add (3 
mL) and stinBd at ambient temperaUire for 4 h. The mixture was quenched in 

25 saturated aqueous sodium bicarbonate and extracted twice with ethyi acetate. The 
combined extracts were washed once with water, once with saturated aqueous 
sodium chloride and the organic layer was dried over sodium sulfate and filtered. The 
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fillrate was evaporated to give the title compound as a white foam. 0.091 g (48%). *H 
NMR (CDCI3. 400 MHz) S 1.31 (d, 6H), 1.51 (d. 3H), 3.34 (m. 2H). 4.42-4.70 (m. 4H), 
4.71 (q. 1H). 6.40 (d, 1H). 6.56 (d, 1H), 7.37 (m, 1H). 8.22 (d, 1H), 8.36 (d. IK). 8.62- 
8.68 (m, 2H), 9.53 (m, 1H); mp: 61-70 »C; MS (CI) 392 (MH*). 
5 gxamnle 202 

1 R,/4-/2R.eS>DimethvU>r2-^4-mathvi>Dinerazt n-1 -vlVpvrimidln-4-vn-DiDera2in-1 -ViV 

pyrimidin-g-vlVethanol. 




Me 



Step A: 1R44-r4-(2>Methanesulfonvi-Dvrimldin^4*viV2R.6S>dimethvl-DiD erazin-1-vn- 
10 pvrimtdin-2-^vn-ethvl butvrate . To a solution of 4-(3R,5S-dlmethyl-p'ipera^n-1-yl)-2- 
methanesulfonyliDyrimidine (prepared according to the method of Example 188, Step 
A, 7.70 g. 14.3 mmol) in acetonitrile (30 mL) was added 1R-(4- 
trifluoromethanesulfonyloxy-pyrimidin-2-yl)-ethyl butyrate (prepared according to the 
method of Preparation Nine. 5.50 g. 16.1 mmol) and heated to reflux for 3 h under 
1 5 nitrogen atmosphere. The cooled mixture was filtered and the solids were washed 
twice with ethy! acetate. The combined extracts were washed once with water, once 
with saturated aqueous sodium chloride and the organic layer was dried over sodium 
sulfate and filtered. The filtrate was evaporated to an oil which was purified by flash 
chromatography (982 dichloromethane:methanol) to give the title compound of 
20 Example 202. Step A as an oil. 4.01 g (62%). 'H NMR (CDCI3, 400 MHz) 5 0.93 (t, 
3H). 1.21 (d. 6H). 1.55 (d. 3H). 1.64 (q. 2H). 2.36 (t, 2H). 3.25 (s. 3H), 3.37 (m, 2H). 
4.54.7 (m.4H). 5.65 (q, 1H). 6.33 (d, 1H), 6.68 (d. 1H). 8J22 (d, 1H). 8.28 (d. 1H); MS 
(CI) 463 (MH7 

Step B: 1R-;444-f2>Methanesulfbnvi- Pvrimidin-4-vn-2R.eS-dim6thvl-DlDeraa 
25 pyrimidln-2-vlV-ethanol . 1R-{4-[4-(2-M6thanesulfonyl-pyrimidin-4-yl)-2F?.6S-dimethyl- 
piperazin-1-yI]-pyrimidin-2-yl}-ethyl butyrate (prepared according to the method of 
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Example 202, Step A, 0.42 g, 0,9 mmol) was combined with concentrated 
hydrochloric add (3 mL) and sfirred at ambient temperature for 4 h. The mixture was 
quenched in saturated aqueous sodium bicarbonate and extracted twice with ethyl 
acetate, the combined extracts were washed once with water, once with saturated 

5 aqueous sodium chloride and the organic layer was dried over sodium sulfate and 
filtered. The filtrate was evaporated to an oil which was purified by flash 
chromatography (99:1 dlchloromethanermethano!) to give the title compound of . 
. Example 202, Step B as a white foam, 0J25 g (71%). NMR (CDCIj. 400 MHz) 8 
1.26 (d, 6H), 1.50 (d, 3H), 325 (s. 3H). 3.41 (m. 2H). 4.5-4.7 (m. 5H), 6.37 (d, 1H), 

10 6.71 (d. 1H). 8J24 (d, 1H), 8.30 (d, 1H); MS (CI) 393 (MHT). 

Step C: 1 R-(4-f 2R.6S-Dimethvl-442-^4^ethvl-Di Derazin-1 -vlVDVrimldin-4-vn- 
plperazin-1 -vlVDvrimidin-2-vlVethanoL 1 R-{4-{4-(2-Methanesulfonyl-pyrimidin-4-yl)- 
2.6-dimethyl-piperazln-1-yl]-pyrimidin-2-yl)-ethanol (prepared according to the method 
of Example 202, Step B. 025 g, 6.4 mmol) was combined with N-methyipiperazine 

15 (2.0 mL) and heated at 80 °C for 1 h under nitrogen atmosphere. The mixture was 
quenched in water and extracted twice with ethyl acetate. The combined extracts 
were washed once with water, once with saturated aqueous sodium chloride and the 
organic layer was dried over sodium sulfate and filtered. The filtrate was evaporated 
to an oil which was purified by flash chromatography (95:4 chlorofonn:methanol) to 

20 give the title compound as a white foam. 0.1 1 g (41%). NMR (CDCIj. 400 MHz) 6 
1.31 (d, 6H), 1.51 (d, 3H), Z47 (s, 3H), 2.63 (m, 4H). 3.23 (m. 2H). 3.94 (m. 4H). 4.33 
(m, 2H). 4.57 (m, 2H). 4.71 (q, 1H), 5.96 (d, 1H), 6.46 (d, 1H). 7.98 (d. 1H). 8.23 (d, 
1H); mp: 60-70 «*C; MS (CI) 413 (MH7 

Examples 203 to 207 

25 Examples 203 to 207 were prepared from the appropriate starting materials In a 
manner analogous to the method of Example 20Z 
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Example 


R« 




R» 


mpCC) 


MS(MH*) 


203 


mofpholin-4-yl • 


2R-Me 


6S-Me 


70-80 


400 


204 


pyrTOlidin-1-yl 


2R-Me 


6S-Me 


70-80 


384 


205 


2,6-dinnethylmorpholin-4-yl 


2R-Me 


6S-Me 




428 


206 


3,5-dimethylpiperidin-1-yl 


2R-Me 


6S-Me 




426 


207 


5-methyl-furan-2-yI 


2R-Me 


6S-Me 


123-128 


395 



Example 208 

1R4443R.5S»Dimethvl^r2>(4wr>ethvi>piDera zln-1-viVDvrimidin-4-vn-D^ 
5 Dvrimidin»2-v!Vethanol . 




Me 



Step A: 4>f4-Benr/i-2R.6S-dimethv!-DiDerazin-1-viV2-methanesulfonvl-Dvrimldi^ 
To a solution of ds-1-benzyl-3,5-dimethylpipera2ine (24.9 g, 122 mmol, Org. Prep. 
Proceed. Int 1976. 8, 19) in dimethylacetamlde (60 mL) was added 4-chloro-2- 

10 methanesulfonyl pyrimidine (118 g. 61.3 mmol) and stirred for 16 h at 120 The 
mixture was partitioned between water and ethyl acetate and the aqueous layer was 
extracted three times with ethyl acetate. The combined organic layers were washed 
three times with 1% aqueous copper sulbte, once with saturated aqueous sodium 
chloride and the organic layer was dried over sodium sulfate and filtered. The filtrate 

1 5 was evaporated to an orange solid which was slurried in isopropyl e^het (1 00 mL) and 
filtered to give ttie titie compound of Example 208. Step A as an orange solid. 16.5 g 
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(75%). NMR (CDCI3. 300 MHz) 6 1.35 (d. 6H). 2^5 (m. 2H). 2.76 (m. 2H). 3.23 {s, 
3H). 3.53 (s, 2H). 4.35-4.65 (m. 2H). 6.51 (d, 1H). 7.26 (m, 2H). 7,34 (m. 3H). 8.24 (d. 
1H);MS (CI) 361 (MH^. 

Step B: 4-f4-Benzvi-2R.6S-d!meth\^-Dipera2in-1>\4V2-^4-meth vlDlDerazin-% 
5 Dvrimidine . 4-(4-Benzyl-2R,6S-dimethylpiperazin-1 -yl)-2-methanesulfony Ipyri 

(prepared according to the method of Example 208. Step A, 11 .5 g. 31 .9 mmol) was 
combined with N-methylpiperazine (15 mL. 128 mmol) and heated to 120 for 2 h. 
The mixture was diluted with ethyl acetate and washed once with water, once with 
saturated aqueous sodium chloride and the organic layer was dried over sodium 
10 sulfate and filtered. The filtrate was evaporated to give the title compound of Example 
208. Step B as an orange solid, 14.7 g (84%). NMR (CDCI3. 300 MHz) 5 1.30 (d, 
6H). 2.21 (m. 2H), 2.33 (s, 3H). 2.46 (m. 4H). 2.72 (d. 2H), 3.53 (s, 2H), 3.78 (m. 4H). 
4.31 (m. 2H). 5.79 (d. 1H), 7.24 (m, 2H). 7.31 (m. 3H). 7.90 (d, 1H); MS (CI) 381 

1 5 Step C: 4-f2R.6S-Dimethvl-pipera2in-1 -vlV2-f4-methvlpiDera2in-1 -vl VDvrimldine . To 
a solution of 4^4-benzy!-2R,6S-dimethyipiperazin-1-yI)-2-(4-methyl-piperazin-1-yl)- 
pyrimidine (prepared according to the method of Example 208. Step B, 9.8 g, 25.8 
mmol) in methanol (200 mL) and hydrochloric add (1 N in ethyl ether, 38.7 mL, 38.7 
mmol) was added ammonium formate (16.3 g, 25.8 mmol). After stining at ambient 

20 temperature for 5 min, 1 0% palladium on carbon (1 .96 g, 20 wt% pre-wetted with 
isopropanol) was added and this mixture was heated to reflux for 2 h. The cooled 
reaction was filtered and the filtrate was concentrated to a solid, vvhich was diluted 
with ethyl acetate and washed twice with water, once with saturated aqueous sodium 
chloride and the organic layer was dried over sodium sulfate and filtered. The filtrate 

25 was evaporated to give the title compound of Exannple 208, Step C as a dear oil, 6.01 
g (81%). NMR (CDCta, 300 MHz) S 1.25 (s, 6H), 2.31 (s, 3H). 2.24-2.44 (m, 4H). 

2.90 (m. 4H). 3.76 (m. 4H), 4-25 (m. 2H), 5.79 (d, 1H), 7.90 (d, 1H); MS (CI) 291 

(MH*). ^ - 

Step D: lR-f4^3R.5S'Dim6thvl-4-r2-f4-mefr>vl-DiDera2in-1"VlVDvrimidin-4>vn- 
30 DiDera2in-1-viVovrimidin-2-vlVethvi butvrate . To a solution of 4-(2R,6S-dimethyl- 
pipera2in-1-yI)-2-(4-methyi-piperazin-1-yl)-pyrimidine (prepared according to the 
method of Example 208, Step C, 9.0 g, 31.1 mmol) and triethylanmne (6.5 g, 46.5 
mmol) in dimethylfomnamide (90 mL) was added (R)-1-(4-chloro-pyrimidin-2-yI)-ethyl 
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butyrate (prepared according to the method of Preparation Seven. 7.78 g, 34.1 mmol) 
and heated to reflux for 3 h under nitrogen atmosphere. The cooled mixture was 
filtered and the solids were washed twice with ethyl acetate. The combined extracts 
were washed once with water, once with saturated aqueous sodium chloride and the 
5 organic layer was dried over sodium sulfate and filtered. The filtrate was evaporated 
to an oil which was purified by flash chromatography (95:5 chlorofomrumethanol) to 
give the title compound of Example 208, Step D as an oil, 11 .4 g (76%). Nf^R- 
(CDCIa, 300 MHz) 6 0.95 (t, 3H), 1.18 (d, 6H). 1,54 (d, 3H), 2.23-2.35 (m. 7H). 2.51 
(m, 4H). 3.21 (m, 2H). 3.81 (m. 4H). 4.32 (m, 2H). 4.52 (m. 2H), 5.65 (q, 1H), 5.82 (d. 

10 1H), 6.38 (d, 1H). 7.39 (d, 1H). 8.18 (d. 1H); MS (CI) 483 (MH*). 

Step E: 1 R-r443R.5S-DimethvU42>r4-methvl-DiDerazin-1 -vlVpyrimidin^-vn- 
ntD6razin-1-vlVDvrimidin-2>vlVethanol . 1R-(4-{3R,5S-dlmethyl-4-[2-(4-methyl- 
pipera2in-1-yl)-pyrimidin-4-yl]-piperazin-1-yl}-pyrinr«din-2-^ butyrate (prepared 
according to the method of Example 208. Step D. 11 .3 g, 23.5 mmol) was combined 

1 5 with concentrated hydrochloric add (60 mL) and stin-ed at ambient temperature for 4 
h. The mixture was quenched In saturated aqueous sodium bicarbonate and 
extracted five times with 10% isopropanol/chloroform. The combined extracts were 
washed once with saturated aqueous sodium chloride and the organic layer was dried 
over sodium sulfate and filtered. The filtrate was evaporated to an oil and crystallized 

20 from isopropanol to give the title compound as a white solid, 7.34 g (76%). NMR 
(CDCI3. 300 MHz) 5 1.21 (d, 6H). 1.51 (d, 3H). 2.34 (s, 3H), 2.45 (m, 4H), 3.24 (m, 
4H). 3.76 (m. 2H), 4.30-4.53 (m. 4H). 4.68 (q, 1H), 5.82 (d. 1H). 6.42 (d, 1H), 7.94 (d, 
1H). 8.21 (d, 1H); mp:i8i-iB2-c; MS (Cl)413 (MH*). 

Examples 209 to 211 

25 Examples 209 to 21 1 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 208. 
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Example R« mp(»C) MS{MH*) 

209 2,6-<iimethylmorpholin-4-yl 3R-Me 5S-Me ' 428 

. 210 4-ethylpipera2in-1-yl ' 3R-Me 5S-Me 144-146 427 

211 4Msopropylpiperazin-1-yl 3R-Me 5S-Me 137-139 441 



Example 212 

1R4442R.6S-Dimethvl-4-M-morohoiino -4-vl.ri.3.5ltriazin-2-vlVDiD6razirv1^ 
5 nvrimidin>2>vfVethanoi. 




Me 



Step A: lR44-r4-f4-Chloro-6-mQroho{ino41.3.51tria2in"2'VlV2R.6S-dimethvlpiDerazin- 
1-vn-Dvrimidln-2-vlV-ethvl butvrate . To a solution of 1R-[4-(2R,6S-dimethyi-pipera2in- 
1-yi)-pyrimidin-2-yl]-ethyl butyrate (prepared according to flie method of Preparation 

10 Four, 0.31 g, 1.0 mmol) and sodium bicarbonate (0.17 g, 2.0 mmol) in 

dimethylfomnamide (3 mL) was added 2.4-dichiorc>6-morphoBno-[1.3.5]tria2ine (0.24 
g, 1.0 nrvnol; Chem. Pharm. Bull. 1997, 45, 291) and stirred at ambient temperature 
for 2 hours. The mbcture was diluted with ethyl acetate and washed twice with water, 
once with saturated aqueous sodium chloride, and the organic layer was dried over 

15 sodium sulfate and filtered. The filtrate was concentrated to an oil. which was purified 
by flash chromatography (99:1 chloroformimethanol) to give the title compound of 
Example 212, Step A as a white solid, 0.19 g (37%). NMR (CDCI3, 300 MHz) 5 
0.93 (t, 3H). 1.23 (d, 6H), 1.53 (d, 3H), 1.66 (m. 2H), 2.37 (t, 2H), 3.16 (m. 2H). 3.72- 
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3.78 (m, 10H), 4.12^.78 (m. 2H), 5.65 (q. 1H). 6.34 (d, 1H). 8.19 (m. 2H); MS (CI) 
505, 507 (MH*), 

Step B: 1 R../4-f2R.6S-Dimethvi-4^4> mnmhQlino4-yl-ri ,3.51triazin-2-vlV^>tperazin-1> 
vn-pvrimidin-2-viVethanol . To a solution of 1R-{4-[4-(4-chloro-6-morphoBno- 
5 [1 ,3.qtria2in-2-yl)-2R,6S-dimethyl-piperazin-1-ylh3 butyrate 
(prepared according to the method of Example 212. Step A, 0.15 g, 0.35 mmol) In 
- ethanol (1 0 mL) was added 1 0% palladium on carbon (0.75 g, 500 wt %) and 
hydrogenated at 45-50 psi using a Parr apparatus for 12 hours. The catalyst was 
filtered off and the filtrate was concentrated to an oil which was added to concentrated 

10 hydrochloric acid (2 mL) and stin-ed at ambient temperature for 6 hours. The mixture 
was diluted with chlorofomri and washed twice with water, once with saturated 
aqueous sodium chloride and the organic layer was dried over sodium sulfate and 
filtered. The filtrate was concentrated to give the title compound as a white solid, 0.47 
g (40%). mR (CDCI3, 300 MHz) 6 1^ (d. 6H), 1.53 (d, 3H), 3.16 (m, 2H), 3.72- 

15 3.78 (m. 10H), 4.12-4.78 (m. 3H), 6.34 (d. 1H). 8.19 (m, 2H); mp: 78-82 «C; MS (CI) 
401 (MH*); [a]D +15.1 (c 1.0, MeOH). 



1 R,f444-(4-MethQxv-6-methvl-r i ;^.51triazin-2-vlV3R.5SHjlmethvlDioera2in-1-vn- 
pvrimldin-2»vl\-Qthanol . 



Step A: 1R4444-f4-Chloro-6-methvi-ri.3.51triazin -2-vlV3R.5S-dimethvlpiDerazin-1-v 
ovrimidin-2-v(Vethvl butvrate . To a solution of 1R-[4-(3R.5S-dimethyI-piperazin-1-yl)-. 
pyrimidin-2-yIl-ethyl butyrate (prepared according to the method of Preparation 
Three, 1.47 g, 6.43 mmol) and sodium bicarbonate (2.25 g, 25.8 mmol) in 
25 dimethyiformamide (1 0 mL) was added 2,4-dlchion>6-methyl-[1 ,3,5]triazine (0.88 g, 
5.3 mmol; Monatsh. Chem. 1970. 101, 724) and stirred at ambient temperature for 2 
h. The mixture was dDuted with ethyl acetate (1 50 mL) and washed twice with water, 
once with 10% aqueous CuSO*. once with saturated aqueous sodium chloride, and 



HO 




20 



Me 



Me 
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the organic layer was dried over sodium sulfate and filtered. The filtrate was 
concentrated to give the title compound of Example 213, Step A as a tan solid, 2.12 g 
(91%). NMR (CDCIa, 300 MHz) 5 0.93 (t, 3H). 1.23 (m. 6H). 1.54 (d, 2H), 1.66 (m, 
2H). 2.31 (s. 3H), Z37 (m, 2H). 2.41 (s, 1H). 3.19 (m, 2H). 4.22-4.55 (m, 2H). 4.91 (nn, 
5 2H), 5.65 (q. 1H). 6.40 (d, 1H). 8.20 (d, 1H); MS (Cl)434. 436 (MH*). 

Step B: 1 R-/444>r4-MathQxv>6-mBthvl-f1 .3.51triazin -2.vlV3R.5S^dimBthvlpfDerazin-1> 
yf]-pvrimidin-2-vlV-ethanol . A solution of sodium methoxide in methanol was freshly 
prepared by allowing sodium metal (0.4 g, 17.3 mmol) to dissolve in methanol (40 
mL). To this mixture was added 1R-[4-[4.{4-chlon>6-methy!-[1.3,5]triazin-2-yl)- 

1 0 3R,5S-dlmethy!-p[perazin.1 -yl]-pyrimidln.2-yl}-ethyi butyrate (prepared according to 
the method of Example 213, Step A, 1.5 g, 3.46 mmol) which was stin^ at ambient 
temperature for 16 h. The reaction mixture was evaporated to an oil, diluted with 
chloroform and washed twice with water, once with saturated aqueous sodium 
chloride, and the organic layer was dried over sodium sulfate and filtered. The filtrate 

1 5 was concentrated to a dear oil which was crystallized from isopropyl ether to give the 
title compound as a white solid, 0.85 g (72%). NMR (CDOa. 300 MHz) 6 123 (d. 
6H). 1 .48 (d, 3H), 2.36 (s. 3H), 3.20-3.26 (m. 2H). 3.90 (s. 3H). 4.18-4.43 (m, 2H). 
4.63 (m. 2H). 4.68 (q, 1H). 4.85 (d, 1H). 6.42 (d, 1H). 8.18 (d. 1H); mp: 161-162 -C; 
MS (CI) 360 (MH7. Wd +16.8 (c 1.0, MeOH). 

20 gxgmpig 214 

1 R4444-r4.6-DimethQxv-f 1 .3.51tria2in>2>vlV3R. 5S-dimethvl-DiDera2in-1 -vn-Dvrimldin- 
2-vlV-ethanoi . 



Step A: 1 R44-r444.6-Dichioro-f 1 .3.51tria2in-2>vn-3R.5S-dimethvi-DiDera2in-1 >vlV 
25 pvrimidin-2-vIVethvl butvrate . To a solution of 1 R-[4-(3R,5S-Dimethyl-piperazin-1 -yl)- 
pyrimidln-2-yO-ethyl butyrate (prepared according to the method of Preparation 
Three, 3.25 g, 10.5 mmol) and sodium bicarisonate (1.01 g. 19.2 mmol)- in 
dimethylformamide (8 mL) was added cyanuric chloride (1.76 g, 9.6 mmol) and stirred 




HO 



MeO 



Me 
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at ambient temperature for 2 h. The mixture was diluted with ethyl acetate and 
washed twice with water, once with saturated aqueous sodium chloride, and the 
organic layer was dried over sodium sulfate and filtered. The filtrate was concentrated 
to give the title compound of Example 214. Step A as a white semf-solid. 1.42 g 
5 (68%). NMR (CDCIj. 300 MHz) 6 0.93 (t, 3H), 1 .23 (m, 6H). 1 .54 (d, 3H), 1 .66 (m. 
2H), 2.37 (m. 2H), 3,19 (m. 2H). 4.42-4.55 (m. 2H). 4.91 (m. 2H), 5.65 (q, 1H). 6.40 (d. 
1 H). 8.20 (d. 1 H); MS (CI) 446. 448 (MH*). 

Step B: 1R44-r4>M.6-Dlmethoxv-f1.3.51tria2in-2-vlV 3R.5S-dimethvl-DiDera2irv1-vn^ 
Dvrimldln-2-vlVethanol . A solution of sodium methoxide in methanol was freshly 

10 prepared by allowing sodium metal (0.18 g. 8.0 mmol) to dissolve in methanol (16 
mL). To this mixture was added 1R-(4-[4-(4,6^ichlorD-t1,3,5]triazin-2-yl)-3R.5S- 
dimelhyl-pipera2in-1-yl]-pyrimidin-2-yI}-ethyi butyrate (prepared according to the 
method of Example 214, Step A. 0.91 g, 2.0 mmol) at 0 °C, then wanned to ambient 
temperature for 1 h. The mixture was evaporated to an oil, diluted with chlorofomn 

1 5 and washed once with water, once with saturated aqueous sodium chloride, dried 
over sodium sulfate and filtered. The filtrate was concentrated to a dear oil which 
crystallized from isopropyl ether to give the title compound as a white solid, 0.54 g 
(72%). NMR (CDCI3. 300 MHz) 8 1.23 (d, 6H), 1.50 (d, 3H). 3.20 (m. 2H). 3.95 (s, 
6H). 4.32 (m, 1H), 4.67-*.86 (m. 4H). 6.34 (d. 1H), 8.22 (d, 1H); mp: 187-188 'C; MS 

20 (CI)376(MH*). 



1 R42R.6S-Dimethvl-4-(4-Dhenvl-ri .3.51triazin-2viVDlD 6razin>1 -vn-Dvrimidin-2-vlV 
ethanol . 



25 Step A: 1 R44-r444-ChlQrQ-6-Dhenvl-ri .3.51triazin-2-vn-2R.6S-dlmethvl-DiDerazln-1- 
viVDvrimidin-2-vlVethvl butvrate . To a solution of 1 R-[4-(2R,6S-dimettiyl-piperazin- 
1yl)-pyrmidin-2yl]-ethyl butyrate (prepared according to the method of Preparation 



Example 215 




Me 
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Four. 2.35 g. 7,67 mmol) and sodium bicarbonate (1.29 g. 15.3 mmol) in 
dimethylformamide (25 mL) at 0 *'C was added 2,4-dichloro-6-phenyl[1 .3.5]triazine 
{1.73 g, 7.67 mmol; Helv. Chim Acta 1950, 33. 1365) portionwise. The reaction 
rraxture was allowed to wami to room temperature and stir under nitrogen for 4 h, 
5 poured into water then filtered to give the title compound of Example 21 5, Step A as a 
light tan solid, 1 .99 g (51%). 1H NMR (CDCI3, 400 MHz) 6 0,94 (t, 3H), 1^5 (d, 6H), 
1.57 (d, 3H), 1.68 (m, 2H), 2.40 (t, 2H), 3.27 (d. 2H). 4.65 (m, 2H). 4.82 (d. 1H), S.60 
(d. 1H). 5.68 (q, 1H), 6.34 (d, 1H). 7.46<m, 3H), 821 (d, 1H), 8.40 (d, 2H); MS (CI) 
496. 498 (MhT). 

1 0 Step B: 1 R44-r4-/6-Phenvl-ri .3.51tria2in-2-vlV2R.65-dimethvl-DiDera2ln>1-vlV 
pvrimidin-2-vlVethvl butvrate . to a solution of 1 R-{4-[4-{4-chloro-6-phenyl- 
[1 .3,5]triazin-2-yl)-2R,6SKiimethyi-piperazin-1-yl]i5yrimidin-2-yIH^ butyrate 
(prepared according to the method of Example 215. Step A, 4.81 g. 9.7 mmol) in 
methanol (50 mL) was added 10% palladium on carbon (940 mg. 20 wt%). 

1 5 ammonium fomfiate (5.98 g. 97 mmol). and hydrochloric add (2 M In ethyl ether, 7.1 
mU 142 mmol) and refluxed for 1,5 h. The mixture was allowed to cool, then fatered. 
The filtrate was concentrated and partitioned between chlorofbmi and saturated 
aqueous sodium bicartonate. The organic layer was separated, dried over sodium 
suffiate, filtered, and the filtrate was evaporated to an oil which was purified by flash 

20 chromatography (99:1 chloroformrmethanol) to give the title compound of Example 
215. Step B as a dear oil, 2.69 g (59%). 1H NMR (CDCIa. 400 MHz) 5 0.95 (t. 3H). 
1.25 (d, 6H). 1.57 (d, 3H). 1.68 (m, 2H). 2.40 (t. 2H). 3.27 (d. 2H). 4.55 (m, 2H). 4.82 
(d. 1H), 5.00 (d. 1H), 5.68 (q. 1H), 6.34 (d. 1H). 7.46 (m. 3H). 821 (d. 1H). 8.40 (d, 
2H), 8.66 (s. 1 H); MS (CI) 462 (MhT). 

25 Step C: 1R-^2R.6S-D(methvl^(4-Dhenvl41.3.51tria2in-2vlVDiDera2in-%vn-Dvrimidin-2- 
vn-ethanol . Ck)ncentrated hydrochloric add (10 mL) was added to 1R-[4-{4-{6-phenyl- 
[1 .3,5]triazin-2-yl)-2R,6SKjlmethyH3iperazin-1 yQi>yri^^^ 
(prepared according to the method of Example 215, Step B, 2.69 g. 5.8 mmol) and 
allowed to stir for 5 h at ambient temperature. The reaction mbcture was cooled to 0 

30 ''C, diluted with chloroform, and 6 M aqueous sodium hydroxide was added slowly 
until basic (pH 9). The layers were separated and the aqueous layer was extracted 
twice with chloroform. The combined organic extracts were washed once with 
saturated aqueous sodium chloride, dried over sodium sulfate, filtered, and the filtrate 
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was concentrated to an oil which was purified by flash chromatography (97:3 
chlorofomrrmethanol) to give a white foam that crystallized from Isopropyl ether to give 
the title compound as a white solid, 1.55 g (68%). 1H NMR (CDCI,. 400 MHz) 6 1.28 
(d. 6H). 1.54 (d, 3H). 3.31 (d, 2H). 4.63 (m, 2H). 4.77 (q. 1H). 4.85 (d. 1H), 5.50 (d. 
5 1H). 6.42 (d. 1H), 7.50 (m, 3H), 8.25 (d, 1H), 8.41 (d. 2H). 8.68 (s, 1H): mp: 133-134 
•C; MS (CI) 392 (MH*); [ok +18.7 (c 1.07. MeOH). 



Examples 216 to 235 were pr^ared from the appropriate starting materials In a 
manner analogous to the method of Example 21 5. 



examples 216 to 235 



10 



HO 
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Example 






R* 


R» 


mp{»C) 


MS (MH*) 


216 


Ct 


morpholin-4-yl 


2R-Me 


6S-Me 


138-141 


435. 437 


217 


H 


rtKjrpholin-4-yl 


3R-Me 


5S-Me 


152 


401 


218 


OMe 


morpholin-4-yl 


2R-Me 


6S-Me 


176-178 


431 


219 


Me 


4-niethyl-piperazin- 
1-yl 


3R-Me 


5S-Me 




428 


220 


Me 


H 


2R-Me 


6S-Me 


91-94 


330 


221 


OMe 


OMe • 


2R-Me 


6S-Me 


128-129 


376 


222 


OEt 


Me 


3R-Me 


5S-Me 


141-142 


374 


223 


OiPr 


Me 


3R-Me 


5S-Me 


87-91 


388 


224 


phenyl 


H 


3R-Me 


5S-Me 


154-155 


392 


225 


phenyl 


OMe 


3R.Me 


5S-Me 




422 


226 


phenyl 


OMe 


2R-Me 


6S-Me 


135-138 


422 


227 


IPr 


H 


2R-Me 


6S-Me 


122-124 


358 


228 


IPr 


OMe 


3R-Me 


5S-Me 


75-80 


388 


229 


phenyl 


H 


H 


H 


115-117 


364 


230 


OMe 


Me 


H 


H 


173-175 


332 


231 


o-tolyl 


H 


3R-Me 


5S-Me 


123-125 


406 


232 


o-toiyi 


OMe 


3R-Me 


5S-Me 


143-145 


436 


233 


cydopropyl 


H 


3R-Me 


5S-Me 


134-135 


356 


234 


cyclopropyl 


H 


2R-Me 


6S-Me 


133-134 


356 


235 


OMe 


CHiOMe 


3R-Me 


5S-Me 


104-105 


390 



Example 236 

1 R44-r444-HvdrQXvmethvi-^methQxv-ri . 3.51triazin>2-vlV3R.5S-dimethvi-DiDerazin-1 
vf]*ovrimidin-2-vfVethanoL 
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Step A: 1R-/4-f4-/4-Chlorn.ft-HiaTnmPthvl - f^ ^MaTin.2.vlV3R.5S-dimethvl- 
p i ppr^rin-i ■vn.Dvn miriin.9.v/iu>thvl butvTate. To 8 solution of 1R-[4-(3R.5S-dimethyl- 
piperazin.1-yl)-pyrimidin-2-yll^thyl butyrate (prepared awarding to the method of 
Preparation Three. 3.06 g, 10.0 mmol) and sodium bicarbonate (1 .68 g. 20.0 mmd) in 

5 dimethylfomiamide (10 mL) was added 2.4-dichloro-6-diazomethyl-I1 .3,5]triazine 
(1.90 g, 10.0 mmol; J. Am. Chem. Soc. 1957, 79. 944) and stin^d at ambient 
temperature for 2 h. The mixture was diluted with ethyi acetate, washed twice with 
water, once with saturated aqueous sodium chloride, and the organic layer was dried 
over sodium sulfate and filtered. The filtrate was concentrated and purified by flash 

1 0 chromatography (ethyl acetate) to give the title compound of Example 236, Step A as 
a foam, 1.84 g (41%). 'H HMR (CDCl,. 300 MHz) S 0.94 (t, 3H). 1.23 (m, 6H), 1.55 (d. 
3H). 1.66 (m. 2H). 2.38 (m. 2H). 3.19 (m. 2H). 4.22-4.45 (m. 2H). 4.86 (m. 2H). 5.10 
(s. 1H). 5.65 (q. 1H), 6.40 (d. 1H). 8.20 (d, IH); mp: 105-108 "C; MS (CI) 461. 463 
(MhT). 

1 5 Step B: 1 R-f4-r4-f4-Hvdmxvmethvl-6 -methoxv-ri .3, !^triaan.2.vlV3R.5S-dimethvt- 
pinBraan-1-vn-pvrimldin-2.vl\-6thanol . 1R-{4-I4-(4-Chloro-6-diazomethyl- 
[1 ,3,5]triazin-2-yl)-3R,5S-dimethylpiperazin-1 -yl]-pyrimidin-2-yl}-ethyl butyrate 
(prepared according to the method of Example 236, Step A. 1 .5 g, 3.2 mmol) was 
dissolved in ethyl acetate (20 mL) and 10% aqueous sulfuric add (5 mL) was added 

20 slowly at ambient temperature, stin-ed 5 mln then basified to pH 9 with 6 N aqueous 
sodium hydroxide. The separated ethyl acetate layer was washed once with brine, 
dried over magnesium sulfate, and concentrated to a semi-solid. To a freshly 
prepared solution of sodium methoxide, generated by dissolving sodium metal (0.92 
g. 4.0 mmol) in methanol (6 mL). was added the crude soHd (0.89 g. 2.0 mmol). This 

25 mixture was stinBd far 4 h at ambient temperature then evaporated to dryness. The 
residue was purified by flash chromatography (95:5 dichioromathaneimethanol) to 
give the tiUe compound as a white solid. 0.a84_g (13%). NMR (CDCI,, 300 MHz) 8 
123 (d. 6H). 1.49 (d, 3H). 3.14-3.21 (m. 2H), 3.96 (m, 2H). 3.90 (s, 3H), 4.18^.38 (m. 
2H), 4.69 (q. IH). 4.97 (m, 2H), 6.44 (d, IH). 820 (d. IH); mp: 170-171 "C; MS (CI) 
30 376 (MH*);Ialo +16.6(0 1.0. MeOH). 

Example 237 

1 P-(^f/U/4-Mathoxvmflthvl.ri .3.51tri3 an.2.vlV3R.5P-dimethvl-DiDerazin-1-vn- 
P Yf^p^iriin.9.vlVethanol . 
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MeO — ^ Me 
Step A! lR4444-(4>Chioro^m6thQwmsthv U1.3.51triaz!f^^^ 
piPBra2in-1-vn-Dvrimidin-2-vlVethvl butvrate. 1R^4-{4-{4-Chloro-6-dla2omethyl- 
[1 ,3,5]triazirh2-yl)-3R,5SKlimethyipiperazin-1-yO-pyrimi^ butyrate 

. 5 (prepared according to the method of Example 236, Step A. 1.5 g, 3.2 mmol) was 
dissolved in methanol (10 mL) and 10% aqueous sulfuric add (3 mL) was added. 
This mixture was stirred at ambient temperature for 1 h then diluted witii ethyl acetate. 
The separated ethyl acetate layer was washed once with saturated aqueous sodium 
chloride, dried over magnesium sulfate, and concentrated to an oil which was purified 

1 0 by flash chromatography (99:1 dichloromethane:methanoI) to give the Utle compound 
of Example 237. Step A as an oil, 1.02 (60%). NMR (CDOj, 300 MHz) 5 0.95 (t, 
3H), 1.25 (d. 6H). 1.58 (d, 3H). 1.67 (q, 2H), 2.41 (t. 2H). 3.24 (m, 2H), 3.51 (s. 3H). 
4.18-4.38 (m. 4H). 4.69 (q, 1H), 4.92 (m, 2H), 5.47 (d. 1H). 8.24 (d, 1H); MS (CI) 464. 
465 (MH*). 

15 Sten B: 1R-l44444-M6thoxvmethvm.3.5ltria2in-2-vlV3 R.5S-dimethvl-DiDerazin-1-vn> 
pvrimidin-2-vIVethanol . To a solution of 1R-[4-[4-{4-chlon>6-methoxymethyl- 
[1,3,5]tria2in-2-yl}-3R,5S-dimethpipera2in-1-yl]- pyrimidin-2-yl}-ethyl butyrate 
(prepared according to the method of Example 237, Step A. 0.43 g, 0.92 mmol) in 
methanol (8 mL) and hydrochloric acid (2 M in ethyl ether, 0.7 ml-, 1.37 mmol) was 

20 added ammonium formate (0.58 g, 9.2 mmol) and 10% palladium on carbon (0.085 g. 
20 wt%) and heated to reflux for 3 h. The solvents were removed and concentrated 
hydrochloric add (2 mL) was added and stirred at ambient temperature for 16 h, 
- -basffied to pH 9 with 6 N aqueous sodium hydroxide and diluted with ethyl acetate. 
The separated ethyl acetate layer was washed once with saturated aqueous sodium 

25 chloride, dried over magnesium sulfate, and concentrated to an oil which was purified 
by flash chromatography (9:1 dichloromethaneimethanol) to give the title compound 
as a white^olid, 0.12 g (36%). NMR (CDCIj, 300 MHz) 5 1.25 (d, 6H), 1.49 (d. 
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3H). 3.24 (m. 2H). 3.51 (s, 3H). 4.18-4.38 (m. 4H). 4.72 (q. 1H). 4.97 (m, 2H). 6.47 (d, 
1 H), 8.22 (d, 1 H). 8.57 (s. 1 H); MS (CI) 360 (MH*). 

gYamptes238to240 
Examples 238 to 240 were prepared from the appropriate starting materials In a 
5 manner analogous to the method of Example 237. 




Example 



mprC) MS(MH*) 



238 
239 
240 



CHjOH 
OMe 
CHjOH 



H 

CHjOMe 
phenyl 



3R-Me 
3R-Me 
2R-Me 



5S-Me 
SS-Me 
6S-Me 



173-175 
143-145 
173-175 



346 
390 
422 



10 



15 



20 



gxamDl6 241 

1R-f4-^4-/4■6-Qimethvl-f1,3■atriazln-2-v^^-2R■SS-dims ^hv^oiDa^azin-1-vn-D^m 
vft-ethanol . 




•Me 



Step A: 1 R4444>f4-Methv{-6>trichlorQmethvt41 .3.5 1triazin>2>vl V2R.6S-dimethvt- 
DtP6ra2in-1 -vn>Dvrimidin-2-vfV-Qthvl butvrate . To a solution of 1 R-l4^2R,6S-dimethyl- 
piperazin-1-yI)iDyrimidin-2-yI]-ethyl butyrate dibenzoyl-L-tartrate salt (prepared 
according to the method of Preparation Fifteen. 1 .33 g. ZO mmol) and sodium 
bicarbonate (0.34 g, 4.0 mmol) in dimethylformamide (5 mL) was added 2-methyl-4,6- 
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bis-trichloromethyK1.3,5]tria2lne (1.00 g, 3.0 mmol; Bull. Chem. Soc. Jpn, 1969. 42. 
2924) and stirred at ambient temperature for 14 h. The mixture was diluted with ethyl 
acetate and washed twice with water and the organic layer was dried over 
magnesium sulfate and concentrated. The crude oil was purified by flash 
5 chromatography (95:5 dlchioromethanermethanol) to give the title compound of 
Example 241 . Step A as a foam. 0.71 g (69%). NMR (CDCla, 300 MHz) 6 0.95 (t. 
3H). 1.22 (m. 6H). 1.55 (d, 3H), 1.56 (m, 2H). 2.37 (m. 2H), Z55 (s, 1H), 3.27 (m. 2H), 
4.48^4.78 (m. 2H). 4.84 (m. 2H). 5.67 (q. 1H). 6.32 (d. 1H). 8.22 (d, 1H); MS (CI) 517, 
519 (MH*). 

1 0 Step B: 1 R-f4-f4>r4.6-Dlmethv!-ri .3.51tria2in-2-vlV2R.65.dimethvlDiDerazin-1-vIV 
pvrimidin.2-vlVethanol . A suspension of 1R-<4^4-(4-methyl-6-trichloromethyl- 
[1 ,3,5]triazln-2-yl)-2R.6S dimethyl pipera2in-1-yI]-pyrirnidin-2-yI}-ethyl butyrate 
(prepared according to the method of Example 241, Step A, 0.65 g, 1.2 mmol) and 
10% palladium on carison (0.2 g) in triethylamine (1 mL) and methanol (20 mL) was 

1 5 hydrogenated at 40 psi for 0.5 hours using a Pan" apparatus. The catalyst was filtered 
and the filtrate was concentrated to a solid which was dissolved in concentrated 
hydrochloric acid (2 mL) and stin-ed for 6 hours. This mixture was diluted with water, 
basified to pH 9 with 6 N aqueous sodium hydroxide, and extracted into 
dichioromethane. The extract was washed twice with water, once with saturated 

20 aqueous sodium chloride and the organic layer was dried over sodium sultete and 
filtered. The filtrate was concentrated to a clear oil which crystallized from isopropyl 
ether to give the title compound as a white solid, 0.25 g (58%). NIVIR (CDCI3. 300 
MHz) 5 1.21 (d. 6H), 1.49 (d. 3H). 2.40 (s. 6H), 3.16 (m, 2H). 4.45-4.68 (m, 2H).4.71 
(q, 1H). 4.84 (m. 2H). 6.42 (d. 1H), 8.20 (d, 1H); mp: 172-173 «C; MS (CI) 344 (MhT); 

25 [a]o +17.2 (c 1.0, MeOH). 

Example 242 

1R-l4»f4-(4.6-pjnT6ttiylj1^3.51triazin-2-vlV3R.55-dim 
vIVethanoi . 
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Me Me 



Step A: 4-Methvi'6'tr1chlorom6thvl-ri .3.51tria2in>2-vl methanesuifonate . Toa . 
solution of 2-hydroxy-4-methyl-6-trichloromethyl-[1,3,5]tria2ine (1.14 g, 5.0 mmol; J. 
Amen Chem. Soc. 1956, 7fi. 2447) and triethylamine (0.51 g, 5.5 mmol) in 
5 dichioromethane was added methanesulfonyl chloride (0.57 g, 5.0 mmol) at 0 and 
stirred for 1 h then quenched in saturated aqueous sodium bicarbonate. The 
separated organic layer was washed once with saturated sodium chloride, dried over 
magnesium sulfate and filtered. The filtrate was evaporated to give the title compound 
of Example 242, Step A as an orange oil, 0.98 g (65%) which was used directly 

1 0 without any further purification. MS (CI) 291 ,293 (Ml-T). 

Step B: 1 R-/4-r3R.5S-DimethvM>(4-methv(-6»trichloromethvl-ri .3.51triazln-2-vlV 
piDerazirh1-vn'Dvrimidin-2-vlV-ethvl butvrate > To a solution of 1R-[4-(3R,5S-dimethyl- 
piperazirh1-yl)-pyrimidin-2-yll-ethyl butyrate (prepared according to the method of 
Preparation Three, 0.62 g, 2.0 mmol) and sodium bicarbonate (0.34 g. 4.0 mmol) in 

1 5 dimethylformamide (5 mL) was added 4-methyl-6-trichloromethyl-[1 ,3,5]triazin-2-yl 
methanesuifonate (prepared according to the method of Example 242, Step A, 1.00 g, 
3.0 mmol) and stirred at ambient temperature for 14 h. The mixture v/as diluted with 
ethyl acetate and washed twice with water and the organic layer was dried over 
magnesium sulfate and concentrated. The crude oil was purified by flash 

20 chromatography (ethyl acetate) to give the title compound of Example 242, Step B as 
a clear oil. 0.41 mg (96%). NMR (CDCIa, 300 IVIHz) 5 0.95 (t,' 3H). 122 (m, 6H). 
1.56 (d^ 3H). 1.66 (m, 2H), Z37 (m, 2H), Z55 (s. 3H), 3.27 (m, 2H). 4.48^,78 (m, 2H), . 
4.84 (mr2H), 5.67 (q, 1H). 6.32 (d. 1H), 8.22 (d. 1H); MS (CI) 517, 519 (MHP). 
Step C: 1R>/4>f4-M.6-Dlmethvl41.3.51tria2in-2-vlV3R.5S-dimethvl-pipgra2in-1'VlV 

25 Dvrimidin-2>vlVethanol . A suspension of 1 R-{4-[3R,5S-dimethyl-4-(4-methyl-6- 
trichloromethyl-t1 ,3,53tria2in-2-yl)-pipera2in-1 -yO-pyrimidln-2-yi)-ethyl butyrate 
(prepared according to the method of Example 242, Step B, 0.65 g, 1 .2jTimol) and 
10% palladium on carbon (0.2 g, 30 wt%) in triethylamine (1 mL) and methanol (20 
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mL) was hydrogenated at 40 psi for 0.5 h using a Parr apparatus. The catalyst was 
filtered off and the filtrate was concentrated to a solid which was dissolved in 
concentrated hydrochloric add (3 mL) and stln^d for 6 h. This mixture was diluted 
with water, basified to pH 9 with 6 N aqueous sodium hydroxide, and extracted into 
5 dichloromethane. The extract was washed twice with water and once with saturated 
aqueous sodium chloride and the organic layer was dried over sodium sulfate and 
concentrated to a clear oil which crystallized from isopropyl ether to give the title 
compound as a white solid, 0.25 g (23%). NMR (CDCIj, 300 IVIHz) 5 1.21 (d. 6H), 
1 .49 (d. 3H), 2.40 (s. 6H). 3.16 (m, 2H), 4.45^.68 (m. 2H). 4.71 (q. 1H). 6.42 (d, 1H). 
10 8^0 (d. 1H); MS (CI) 344 (MH*); mp: 157-159 °C; [ak +17.2 (c 1.0, MeOH). 

Examples 243 to 246 
Examples 243 to 246 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 242. 



IS 




Example 


R« 


R« 




R* 


mp(»C) 


MS (MH*) 


243 


Me 


phenyl 


2R-Me 


6S-Me 




406 


244 


Me 


phenyl 


3R-Me 


5S-Me 


132-134 


406 


245 


Me 


tetrahydrofuran-2-yI 


2R-Me 


6S-Me 




428 


246 


Me 


o-toiyi 


2R-Me 


6S-Me 


148-150 


436 ■ 



Example 247 

20 f RV2"r2'f 1-Hvdroxv-^thvlVpvrimidin-4-vM .2.3.4'tetrahvdro-tsoQuinoline-7-sulfonic 



add dimethvlamide . 
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Step A: 2-Trifluoroacetvl-1 .2.3.4-tetrahvdro-isn nijinoline-7-sulfonle add 
^imethvlamlde . A mixture of 2-tiffluoroac8lyM ,2^.4-tetrahydro-lsoquinoIinB-7- 
sulfonyl chloride (400 mg, 1^22 mmol, J. Med. Cham. 1980, 23, 837), dimethylamlne 

S hydrochloride (1 SO mg, 1 .83 mmol), and triethylamine (0.50 mL, 3.66 mmol) in 
dioxane (10 mL) was refluxed wHh stining for 30 min, cooled to room ten^erature, 
concentrated, and purified by flash column chromatography (10-*50% ethyl 
acetate/hexanes) to give 337 mg (82%) of the title compound of Example 247. Step A 
as a yellow oil. 'H NMR (CDCI,, 300 M»z, 9:5 mixture of rotamers) 5 7.67-7,52 (c. 

1 0 2H). 7.36 (t, 1 H). 4.87 (s. 1 .3H), 4.81 (s. 0.7H), 3.96-3.86 (c 2H). 3.08-3.02 (c. 2H). 
2.72 (s. 6H); MS (TS) 337 (MH*). 

Step B: 1 ■2.3.4-Tetrahvdro-isoouinoline-7-sulfonic add dimethvlamide. A mixture of 
2-trifiuoroace1yi-1,2,3,4-tetrahydrD-isoquinoiine-7-sulfonic add dimethylamlde 
(prepared accorcling to the method of Exan^le 247, Step A, 337n^, 1 .0 mmol) and 

15 potassium cartxjnate (207 mg. 1.5 mmol) in a 3:1 mixture of methanol/water (10 mL) 
was stin^ at nsom temperature for 1 h and concentrated. The remaining aqueous 
residue was extracted with 10% isopropanol/chlorofomi (7x) and the combined 
organic extracts were dried over sodium sulfate, filtered, and evaporated to give 214 
mg (89%) of the title compound of Example 247. Step B as a white solid. 'H NMR 

20 (CD,OD, 300 MHz) 6 7.52 (d. 1H). 7.48 (s. 1H). 7.36 (d, 1H). 4.90 (s. 2H), 3.11 (t, 2H). 
2.91 (t 2H). 2.65 (s. 6H): MS (CI/NH,) 241 (MH*). 

Step C: fR).144-r7-Dimethvlsulfamovl-3.4-dlhvdr &-1H-isoauinolin.?-vlVDvrimidin-2- 
vn-ethvl aeetete . To a solution of 1.2,3,4-tetrahydro-lsoquinoline-7-sutfonicadd 
dimethylamlde (prepared acconjing to the method of Example 247. Step B, 210 mg, 
25 0.88 mmol) in isopropanol (5 mL) was added (R)-1-(4-chloro-pyrimidin-2-yl)-ethyl 
aeetete (prepared accoreJing to the method of Preparafion FWe. 175 mg. 0.88 mmd) 
followed by triethylamine (0.24 mL, 1.75 mmol). This mbdure was stirred at room 
temperature for 1.75 h then heated to reflux for 1.5 h, cooled to room temperature, 
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evapofBted. and purified by flash c»iumn chromatography (1% methanol/chloroform) 
to give 327 mg (92%) of the Ute compound of Example 247, Step C as a white solid. 
•H NMR (CDC!,, 250 MHz) 5 828 (d. 1H). 7.68-7.58 (c. 2H). 7.47 (d. 1H). 6.44 (d. 1H). 
5.72 (q. 1H). 4.86 (s. 2H). 3.92 (t. 2H). 3.05 (t. 2H). 2.73 (s. 6H). Z19 (s. 3H). 1.62 {d. 

5 3H);MS(TS)431(MH*). 

Step D: (P>-2.r2-f 1 .HY^roxv-ethvlVf ivrimidin-4-vl1-1 .2.3.4-tetrahvdro-isoouinoiine-7- 
siilfonle acid dimethviamlde . To a solution of (R)-1 -I4-(7-dimethylsulfamoyl-3.4- • 
dihydrD-1H-isoquinolin-2-yl)-pyrimidin-2-y1]-ethyl acetate (prepared according to the 
method of Example 247, Step C, 325 mg. 0.81 mmol) in a 4:1 mixture of 

10 methanol/water (8 mL) was added lithium hydroxide hydrate (170 mg. 4.0 mmol). 
This mixture was sfirred at room temperature for 50 min, concentrated, re-suspended 
in water, and extracted with 10% isopropanol/chlorofbrm (3x). The combined organic 
extracts were dried over sodium sulfate, filtered, evaporated, and purified by flash 
column chromatography (1% methanol/chlorofonn) to give a white foam which was 

15 further purified by recrystallizaUon from etheiymethanol to give 90 mg (31%) of the title 
compound as a white sofid. mp: 120.5-122 'C; 'H NMR (CDQ,, 300 MHz) 6 8.24 (d, 
1 H), 7.62-7.59 (c. 2H). 7.35 (d. 1 H), 6.44 (d, 1 H). 4.83 (s. 2H), 4.73 (q, 1 H). 4.34 (br s. 
1H), 3.93-3.85 (c. 2H). 3.03 (t, 2H), 2.71 (s, 6H). 1.52 (d. 3H); MS (TS) 363 (MH*). 

Example 248 

20 1-f4.^6-Thiophen.3-vl-3.4-dlhvdro-1H-isQnuinolin-2Tv lVovrimidin-2-vn-ethanol. 

HO 

step A: 6-ThiophBn-3-vi-3.4-dihvdro-1H-isoouin Qline-2-carboxvlie add tert-butvt 
ester . A mixture of bis(benzonitrile)palladium(ll) chloride (30 mg, 0.079 mmol) and 
1 ,4-bis(diphenyiphosphino)butane (33.6 mg, 0.079 mmol) In toluene (3 mL) was 
25 stirred at room temperature for 20 min. To flils mbcture was added 6- 

trifluoromeflTanesuifonyloxy-3,4-dlhydro-1H-feoquinonne-2-carboxylic add tert-butyl 
ester (300 mg, 0.79 mmol, Synth. Commun. 1995, 25, 3255), thiophene-3-boronic 
add (131 mg. 1.02 mmol), 1 M aqueous sodium cartionate (1.57 mL, 1.57 mmol), and 
ethanol (2 mL). This darit mixture was heated to reflux with stining under nitrogen 
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ovemight. cooled to room temperature, diluted with saturated aqueous sodium 
bicarbonate, and extracted with ethyl acetate (4x). The combined organic extracts 
were dried over sodium sul^te, filtered through Celite, evaporated, and purified by 
flash column chromatography (hexanes-^5% ethyl acetate/hexanes) to give 252 mg 
5 (1 00%) of the title compound of Example 248, Step A as a pale yellow waxy solid. 
NMR (COaa, 250 MHz) 5 7.47-7.38 (c, 5H). 7.14 (d, 1H). 4.60 (s. 2H). 3.72-3.64 (c, 
2H), 2.95-Z82 (c, 2H), 1.52 (s. 9H); MS (TS) 316 (MH"). 

Step B: 6-Thiophen-3«vi-3.4'<)ihvdro-1H-isoouinoi}ne hvdrochioride . A mixture of 6- 
(thiophen-3-yl-3,4-dihydro-1HHSoquinoIine-2-carboxylic add tert-butyi ester (prepared 

1 0 according to the method of Example 248. Step A, 250 mg. 0.79 mmol) and 

hydrochloric add (4 M in dioxane, 6 mU 23.8 mmol) was stirred at room temperature 
for 1 h and concentrated to give 170 mg (86%) of the titie compound of Example 248, 
Step B as a yellow solid that was used without purification in the next step. NMR 
(CD3OD, 250 MHz) S 7.66 (m, 1H), 7.61-7.53 {c, 2H), 7.51-7.42 (c. 2H). 7.23 (d, 2H), 

15 4.38 {s,2H), 3.52 (t,2H), 3.16 (t,2H); MS (TS) 216 (MH*). 

Step C: /RV1-r4-f6-ThioDhen-3-vl«3.4-dihvdro-1H-isoauindin-2-vnH3vrimidin-2-vfV 
ethvl acetate. To a solution of 6-thiophen-3-yl-3,4-dlhydro-1 H-isoquinotine 
hydrochloride (prepared according to the method of Example 248. Step B. 170 mg, 
0,68 mmol) in isopropanol (6 mL) was added (R)-1-(4-chloro-pyrimidin-2-y!}-ethyi 

20 acetate (prepared according to the method of Preparation Five, 135 mg. 0.68 mmol) 
followed by triethylamine (0.28 mL, 2.04 mmol). This mixture was stirred at reflux for 
7 h. cooled to room temperature overnight, evaporated, and purified by flash column 
chromatography (0.5-*-1% methanol/chlorofomi) to give 253 mg (98%) of the titie 
compound of Example 248. Step C as a yellow solid. ''H NMR (CDCia, 250 MHz) 5 

25 8.26 (d, 1H), 7.52-7.36 (c. 6H). 6.43 (d. 1H). 5.73 (q. 1H). 4.76 (s, 2H). 3.96-3.82 (c, 
2H). 3.02 (t 2H), 2.21 (s, 3H), 1.63 (d, 3H); MS (TS) 380 (MH*). 
Step D: l-f4-f6>ThioDhen-3>vt-3.4Kiihvdro-1H-lsoQuinolin-2>vlVDvrimidin>2-v^^ ' 
To a solution of (R)-1-[4-(6-thiopherH3-yl-3,4-<lihydro-1H-isoquinolin-2-yl)-pyrimidi^^ 
yl]-ethyl acetate (prepared according to the method of Example 248, Step C, 253 mg, 

30 0.67 mmol) in a 3:1:1 mixture of methanol/tetrahydrofuranAvater (5 mL) was added 
lithium hydroxide hydrate (84 mg. 2.0 mmol). This mixture was stin^d at room 
temperature for 1 h, concentrated, re-suspended in water, and extracted with 
chloroform (4x). The combined organic extracts were dried over sodium sulfate, 
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filtered, evaporated, and purified by flash column chromatography (2% 
methanol/chloroform) to give a yellow solid which was further purified by 
recrystaliization from ether/methanol to give 163 mg (72%) of the title compound as a 
whte solid, mp: 125.5-127.5 'C; NMR (CDCIj. 300 MHz) 5 8.22 (d, 1H), 7.47-7.35 
5 (c, 5H), 7.22 (d, 1H). 6.42 (d, 1H), 4.78-4,72 (c. 2H), 4.46 (br s, 1H), 3.93-3.84 (c, 2H), 
Z99 (t. 2H). 1.54 {d. 3H); MS (APCI) 338 (MH*). 

Examples 249 to 252 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 248. 

10 




Example 


pa 


mp(»C) 


MS (MH*) 


249 


6>thiophen*2>yl 


104-105 


338 


250 


6-pyrimldin-5-yl 




334 


251 


7-pyrimidin-5-yl 


135-137 


334 


252 


6-hydroxy 




272 



15 Examples 253 to 258 

Examples 253 to 258 were prepared from the appropriate starting materials in a 
manner analogous to the method of Example 86. 
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Example 


R" 


mp rc) 


MS(Mhr) 


253 


H 


79-82 


258 


254 


Me 




272 


255 


CF, 


130-132 


326 


256 


NHj 


208-210 


273 


257 


Ph 


128-131 


334 


258 


pyridin-4-yl 


144-148 


335 



5 Example 259 

fRV144-r3-Ben20thia2ol>2>vi-5.6HjihvdrQ-aH-f1.2.4 1tria2Q{or4.3-alPvra2in>^^^^ 

pVrimidin>2>vn-ethano!. 

HO 

N /""Me 



Step A: 5-Ethoxv-3.6Hjihvdro-2H-Dvrazine>1-cart>oxvlic add benzyl ester . To a 
10 solution of 3-oxb-piperazine-l-carboxylic add benzyl ester (ZO g, 8.54 mmol, 
Maybridge) in didiloromethane (18 mL) at room temperature was added 
triethyloxonium tetrafluoroborate (4.1 g, 21.3 mmol). This mixture was allowed to stir 
for about 3 days then quenched by the addition of ice chips followed by saturated 
aqueous sodium bicarbonate until a neutral pH was obtained. The organic layer was 
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separated and the aqueous layer was extracted with chloroform (3x). The combined 
organic extracts were washed with brine (1x). dried over sodium sulfate, and 
concentrated to give 2.1 1 g (95%) of the title compound of Example 259. Step A as a 
slightly yellow oil that was sufficlenUy pure to cany on to the next step. 'H NMR 
5 (CDCl,. 300 MHz) 5 7.43-6.97 (c. 5H). 5.17 (s. 2H). 4.10 (q. 2H). 3.98 (s. 2H). 3.60- 
3.40 (C 4H). 1.27 (t 3H): MS (APCI) 263 (MH*). 

Step B: ^-Rpnrnthia7ol.2- Y i.^R-Wihvrtrn-8H-f1 ? 41tTiazolor4.3-alpYr9zin^7-<^rboXYliQ 
ariribenzvl ester . A mixture of 5-ethoxy-3,6-dihydro-2H-pyrazlne-1-carboxylic add 
benzyl ester (prepared according to the method of Example 259, Step A. 490 mg, 

10 1 .87 mmol) and benzothiazoie-2-carboxyiic add hydrazide (350 mg, 1 .87 mmol; J. 
Org. Chem. 1958. 23. 1344) in n-butanol (2 mL) was stirred at reflux ovemlght. cooled 
to room temperature, concentrated, and purified by flash column chromatography (1% 
methanol/dilorofonn) to give 580 mg of the title compound of Example 259, Step B 
(contaminated with an equlmolar amount of benzothiazole-2-carboxyIic add hydrazide 

1 5 which was removed In the subsequent step) as a yellow soM. 

e*,p n. ^po n7^^|^laTnl.2.vU5.6i ;>lhvrim-flH-ri ■2.4ttria70lof4.3-a1pvra2ine. To a 
solution of 3-bBnzothiazol-2-yl-5,6-dihydro-8H-[1.2,4]triazolo[4,3-alpyrazine.7- 
carboxyllc add benzyl ester (prepared according to the method of Example 259, Step 
B, 580 mg, contaminated with ben20thiazole-2-carboxylic add hydrazide) in 

20 didiloromethane (1 0 mL) at 0 "C was added a solution of boron tribromide (1 M in 
didiloromethane. 4.45 mL, 4.45 mmol). This mixture was warmed to room 
temperature overnight, quenched by addition of water, and concentrated. The 
residual aqueous layer was washed with ether (6x), neutralized with saturated 
aqueous sodium bicarbonate, and extracted wHh 10% Isopropanol/chioroform (3x). 

25 The combined organic extracts were dried over sodium sulfate, filtered, evaporated, 
and purified by flash column chromatography (1-+10% methanoi/chiorofonn) to give 
175 mg (36%, two steps) of the title compound of Example 259. Step C as a v*ite 
solid. 'H NMR (CDCI». 300 MHz) 5 8.05 (d, 1H), 7.96 (d. 1H). 7.57-7.41 (c, 2H). 4.62 
(t. 2H). 4.36 (s, 2H). 3.35 (t, 2H); MS (APCI) 258 (MH*). 

30 Step D: fR>.l.f4./3-Benrnthla7ol-2-vl-5 ,R-rfihvdro-8H-f1.2.41tria20lQr4.3-alpvrazin-7- 
vlVnvrimidin-2-vtT-fithvl butvrate . A mixture of 3-benzothiazol-2-yl-5,6-dlhydro-8H- 
[1,2.4]triazolo[4,3-a]pyrazine (prepared according to the method of Example 259, Step 
C, 170 mg, 0.66 mmol), (R).1-(4-chloro-pyrimidin-2-yl)-ethyl butyrate (prepared 
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according to the method of Preparation Seven. 150 mg. 0.66 mmol). and triethylairtne 
(0.28 mL. 1.98 mmol) in n-butanol (2.2 mL) was heated to reflux overnight cooled to 
room temperature, evaporated, and purified by flash column chromatography (1% 
methanol/chiorofomi) to give 224 mg (76%) of the title compour«l of Example 259. 
5 Step D as a colorless solid. 'H NMR (CDQ,. 300 MHz) 5 8.37 (d. 1H). 8.08 (d. 1H). 
7.97 (d. 1H), 7.57-7.43 (c, 2H). 6.53 (d. 1H). 5.71 (q. 1H). 5.09 (s. 2H). 4.82 (t, 2H). 
4.33-4.26 (C 2H)..2.42 (t. 2H). 1.78-1.64 (c. 2H). 1.61 (d. 3H). 0.99 (t. 3H); MS (APCi) 
450 (MH*). 

Step E: ff^ }-l44-f3.BenTnthiaToi.2-vl-5. i=i-Hihvdro-8H-ri.2.41triazolor4,3-alpvra?in-7- 
10 i ^) .r r^irHn-'?.sjn^ft^ano\ . To a solution of (R)-H4-(3-benzothiazol-2-yl-5.6Klihydro- 
8H-t1,2.4]triazolol4,3-a]pyrazin-7-yl)-pyrimldin.2-yl]-etliy! butyrate (prepared according 
to the method of Example 259, Step D. 220 mg, 0.49 mmol) In a 3:1:1 mixture of 
tetrahydrofuran/methanolMfater (5 mL) was added lithium hydroxide hydrate (62 mg. 
1 .47 mmol). This mixture was stirred at room temperature for 3 h. concentrated, and 
1 5 extracted with chloroform (3x). The combined organic extracts were dried over 

sodium sulfate. fiKered. evaporated, and purified by flash column chromatography (5% 
methanol/chiorofbrm) to give 192 mg (100%) of the title compound as a colorless 
solid, mp: 216.5-218.5 "C; 'H NMR (CDQ,. 300 MHz) 5 8.37 (d. 1H). 8.06 (d, 1H), 
7.97 (d. 1H). 7.56-7.45 (c. 2H). 6.56 (d, 1H). 5.1 1 (s. 2H). 4.83 (t. 2H), 4.77 (m. 1H). 
20 4.35-4.25 (c. 2H). 4.16 (s. 1H). 1.54 (d. 3H); MS (APCI) 380 (MH*). Mo +14.2 (c 1.0. 

cna,). 

Pvamnles 260 to 263 
Examples 250 to 253 were prepared from the appropriate starting materials In a 
manner analogous to the method of Example 259. 
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HMe 



Example 


R" 


mpCC) 


MS(MH*) 


260 


phenyl 


161-164 


323 


261 


quinoxalin-6-yl 


212-215 


375 


262 


benzothiophen-2-yl 


224-226 


379 


263 


biphen-4-yl 


123-125 


399 



Example 264 

fRV144-(SDirorben20thia2oline-24-DiDeridine1VDvrimidin-2-vn-ethanoL 

HO 

>""Me 



H 



Step A: SDirofben20thiazolin-2.4-Dlperidine1 hydrochloride . To a solution of 1'- 
ben2ylspiro[ben2othia2oline-2,4'-piperidine] (500 mg, 1.69 mmol; Indian J. Chem. 

10 1976, UB, 984) in acetone (5 mL) at 0 was added 1-chloroethyI chloroformate 
(0.37 mL, 3.38 mmol). This mixture was stirred at 0 •C for 2 h, wamfied to room 
temperature, and concentrated. The residue was purified by flash column 
chromatography (10->'25% ethyl acetate/hexanes) to give the intermediate carijamate 
which was refluxed in methanol (2 mL) for 30 min. Evaporation of the reaction mixture 

1 5 provided 128 mg (31 %) of the title compound of Example 264. Step A as a white soQd. 
NMR (CD3OD. 400 MHz) 5 6.98 (dd, 1H), 6.88 (t. 1H), 6.68-6.64 (c, 2H). 3.48-3.34. 
(C 2H). 3J25-3.1 1 (c, 2H), 2.39-2.20 (c. 4H); MS (APCI) 207 (MH^, 
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Step B: fRV144>rSDirorbenzothia2onn6-24-DiperidlnQlVDv rim!din-2->vn-ethvl butvrate. 
To a solution of spiro[ben20thiazolin-2,4'-piperidine] hydrochloride (prepafBd 
according to the method of Example 264, Step A, 147 mg. 0.60 mmol) in isopropand 
(4 mL) was added (R)-1-(4-chloro-pyrimidln-2-yl)-ethyl butyrate (prepared acqording 
5 to the mettiod of Preparation Seven, 140 mg, 0.60 mmol) followed by triethyiamine 
(0.25 ml^ 1.8 mmol). This mixture was stinBd at reflux for 2 h. concentrated, and 
purified by flash column chromatography (1%-f2% methanol/chioroform) to give 210 
mg (88%) the title compound of Example 264. Step B as a yellow oil. NMR (CDCI,, 
300 MHz) 5 8.20 (d. 1H). 7.09 (dd. 1H). 6.95 (t, 1H). 6.78 (t. 1H). 6.68 (d, 1H). 6.40 (d, 
10 1H), 5.68 (q. 1H), 4.32-4.18 (c. 2H), 4.02 (s. 1H), 3.38-3.25 (c, 2H), Z39 (t. 2 h). 2.36- 
2.25 (c. 2H). 1.99-1.83 (c, 2H). 1.75-1.64 (c, 2H). 1.57 (d. 3H). 0.96 (t. 3H); MS (APCI) 

399 (MH"). 

Step C: rRVl44-(SDirt)fbenzothia2olin6-2.4-DiDeridine1VpvTimidirh2-vn"ethanol . A 
mixture of (R)-1-[4-<splro[ben20thia20iine-2.4 -piperidinel)-pyrimidin-2-yl]-ethyl 

1 5 butyrate (prepared according to the method of Example 264, Step B, 204 mg, 0.51 
mmol) and lithium hydroxide hydrate (65 mg, 1 .53 mmol) in a 2:2:1 mixture of 
tetrahydrofuran/methanol/water (5 mL) was stirred at room temperature for 1 h. The 
organic solvents were evaporated and the residue was extracted vwth 10% 
isopropanol/chlorofbmi (3x). The combined organic extracts were dried over sodium 

20 sulfate, filtered, evaporated, and purified by flash column chromatography (2% 
methanol/chioroform, 2x) to give a red foam which was further recyrstaliized (ethyl 
acetate) to give 42 mg (25%) of the title compound as a yellow solid. ""H NMR (CDCtj, 

400 MHz) 5 8.18 (d, 1H), 7.07 (d. 1H). 6.93 (td, 1H), 6.78 (td, 1H). 6.69 (d. 1H), 6.42 
(d. 1H). 4.69 (m, 1H). 4.35-4.16 (c. 3H). 4.02 (s. 1H). 3.41-328 (c. 2H). 2.37-224 (c, 

25 2H), 1 .99-1 .85 (c. 2H). 1 .49 (d, 3H); MS (APCI) 329 (MH*); [a]o +17.3 (c 1 .0, MeOH). 
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Example 265 



^p.M R.Hvdroxv-ethv^VDvrimidi P ^^/^^-aR fiS^lmathvt-PiPerazine-1-carboxvlic gcifj 
mftfhvl ester. 



5 To a solution of 1 R^4-(2R,6S-dlmethyl-piperazin-1-yI)-pyrimldin-2-yI]-ethyl butyrate 
(prepared according to the procedure of Preparation Four, 70 mg, 23 (jmol) in 
tetrahydrofuran (2 mL) at room temperature under nitrogen was added triethylamlne 
(63 mU 46 ijmol) followed by methyl chlorofomrate (21 mU 27 Mmol). This mixture was 
stirred for 1 h and concentrated. The residue was dissolved in a 3:1 :1 mixture of 

10 methanoI/tetrahydrofuranAvater (2 mL) and nthium hydroxide hydrate (29 mg. 69 
jjmol) was added. This mixture was stirred for 1 h. concentrated, re-suspended In 
water, and extracted with 10% Isopropanol/chiorofomn (4x). The combined organic 
extracts were washed with saturated aqueous sodium bicarbonate (1x). dried over 
sodium sulfate, filtered, and evaporated to give 50 mg (74%. 2 steps) of the title 

1 5 compound as a colorless oil. NMR (CDCIj, 400 MHz) B 8.21 (d. 1 H). 6.33 (d, 1H). 
4.70 (m. 1H), 4.63-3.92 (c. 5H). 3.76 (s, 3H). 3.20-3.02 (c, 2H). 1.50 (d. 3H). 1.25 (d. 
6H); MS (APCI) 295 (MH*); [a]o +19.0 (c 0.9, MeOH). 



1 p^444.f2-n R.Butvrvloxv-ethvlVpvrimidin-4^ 2R.eS-dimethvl-DiDera2in-1-vlV 
20 pYfimidin-2-vl )-ethvl butvrate. 




Me 



f-xamole 266 




nPr 



nPr 



Me 



To a solution of 1R^4-(2R,6S-dimethyl-piperazin-1-yl)-pyrimidin-2-yI]-ethyl butyrate 
(prepared according to the procedure of Preparation Four, 200 mg, 0.65 mmol) in 
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isopropanol (2 mL) at room temperature was added triethylamine (0.18 mL. 1.31 
mmol) followed by (R)-1-(4.chlorD.pyrimidin-2-yl)-ethyl butyrate (prepared according 
to the procedure of Preparation Seven, 150 mg, 0.65 mmol). This mixture was heated 
to reflux for 1 8 h, cooled to room temperature, concentrated and purified by flash 
5 column chromatography (1 % methanol/chlorofonr^) to give 321 mg (99%) of the title 
compound as a yellow oH. NMR (CDCt 400 MHz) 5 BJ22 {d, 2H). 6.43 (d, iH), 
6.32 (d, 1H). 5.68 (q, 2H). 4.72-4J24 (c 4H), 3.30-3.12 (c, 2H). 2.39 (t, 4H), 1.77-1.'63 
(c, 4H), 1.57 (d, 6H), 1.28-1.17 (c. 6H). 0.96 (t, 6H); MS (APCI) 499 (MH*). 

Example 267 

10 4-/442-riR-HvdrQxv-ethvlVpvrimidin.4-vn -2R.6S-dim6thvl-Diperazin-1-vlV6-meth^^^ 
f1.3.51triaztn-2-ol . 




1 R^4-[4-(4.Chloro-6-methyK1 ,3,51tria2in-2-yl)-3R,5S-d!methylpiperazin-1 -yl]- 
pyrimidln-2-yI}-ethyl butyrate (prepared according to the method of Example 213, Step 

1 5 A, 0.30 g, 0.70 mmol) was added to concentrated hydrochloric add (3 mL) and heated 
to reflux for 12 h.. The mixture was neutralized to pH 7 with solid sodium bicarbonate 
and extracted into chlorofomru The organic extract was dried over sodium sulfate and 
filtered. The filtrate was concentrated to an oil which was purified by flash 
chromatography (92:8 chloroformrmethanol) to give the title compound as a white 

20 solid, 0.1 5 g (64%). NMR (CDCI3. 300 MHz) 51 21 (d, 6H). 1 .49 (d. 3H). 2.36 (s, 
3H). 3.21-327 (m, 2H), 422-*.43 (m, 2H). 4.63 (m. 2H). 4.69 (q.-1H). 6.42 (d. 1H), 
8,18 (d. 1H); mp: 247-248 «C; MS (CI) 346 (MH*). 

gxamnles 268 to 275 
Examples 268 to 275 were prepared from the appropriate starting materials In a 

25 manner analogous to the method of Example 267. 
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HQ 



HQ 



SR'e 



■Me 



Example 



mp ("C) MS (MH*) 



268 


H 


3R-Me 


SS-Me 


>250 


332 


269 


isopropyl 


3R-Me 


5S-Me 


>250 


374 


270 


cyclohexyi 


3R-Me 


5S-Me 


>250 


414 


271 


phenyl 


3R-Me 


5S-Me 


>250 


408 


272 


cydopropyt 


3R-Me 


5S-Me 


>250 


372 


273 


methyl 


2R-Me 


6S-Me 


>250 


346 


274 


cydopropyl 


2R-Me 


6S-Me 


>250 


372 


275 


phenyl 


2R-Me 


es-Me 


>250 


408 



gxamole 276 

(fUA.nxo-3-f^-trifl.inrome<h v l.hanynthiazQl-2-vl'Ti*^thvlV3.4-dlhvriro-Phthala^^ 
Yr|.prfltie add 1 R^4.r4-f 3-thiQ P hAn-9.vl-aen/1ovl Vninftrazin-1-vn-PVrimid|p-2.yl>-ethv| 




10 To a solution of [4-oxo-3-{5-trifluoromethyl^jenzothiazol-2-ylmethyl)-3.4-dlhydro- 
phthalazin-1-yl]-acetic add (0,59 g. 1.41 mmol) In didiloromethane (30 mL) and 4- 
dimethylaminopyridlne (0.18 g. 1.41 mmol) was added 1-(3-dimethylaminopropyl)-3- 
ethylcartjodilmlie hydrochloride (0.54 g, 2.82 mmol) followed by (E>1-{4-{2-(1R- 
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Mroxy-ethyI)-pyrimidin-4-yO-pipera2in-1-yih3-thiophen-2-yl-propenonB {prepared 
according to the method of Example 127. 0.49 g. 1.41 mmol) at ambient temperature 
and stirred for 20 h. The mixture was washed once with saturated aqueous sodium 
bicarbonate, once with saturated aqueous sodium chioride. dried over magnesium 

5 sulfate and filtered. The filtrate was concentrated to an oil which was purified by flash 
chromatography (ethyl acetate) to give the title compound as a white foam. 0.65 g 
(62%). NMR (CDCl,, 300 MHz) 8 1 .51 (d, 3H). 3.41 -3.77 (m. 8H). 4.28 (m. 2H). 
5.18 (q. 1H). 5.79 (d. 1H). 6.35 (d, 1H), 6.68 (d. 1H). 7.05. (m. 1H). 7.32 (d. 1H). 7.68 
(m. 1H). 7.71.7!90 (m. 5H). 8.18 (d. 1H), 8.27 (d. 1H). 8.46 (m. 1H): mp: 105-109 'C: 

10 MS(CI)746(MH*);talo+49.2(c1.0.MeOH). 

gyamola 277 

f C) - fA-nvn-;^./S-trifluommsthvl-banz o thiaynl.?.vlmethv[V3.4-dihvdro-phthala2in-1- 
yq-or otir arrri 1R.f4-/4-qMinnyalln-2.vl.D irfrarin.1-vlVPVrimiriin-2-Vn-ethvl gSter. 

1 5 Example 277 was prepared from the appropriate starting materials in a manner 

analogous to the method of Example 276. 'H NMR (CDCI,. 300 MHz) 5 1.53 (d. 3H). 
3.3B-3.87 (m. 8H). 4.28 (m, 2H). 5.18 (q. 1H). 6.35 (d. 1H). 7.68 (m. 1H). 7.68-7.94 
(m, 8H). 8.18 (d. 1H). 8.21-8.37 (m. 2H). 8.46 (m. 1H); mp: 1Q8-112 'C; MS (CI) 738 
(MH*). 

20 ?.M6thQXvme!iwF»:piDe razin-1-vl-Dvrimidine. 

Step A: ?-MBttiowmethv/Unxmmidin-4.vl .mPthanesulfonate. To an ice cold solution of 
2-methoxymBthyI-3H-pyrimidih4-one (35.0 g. 250 mmol; US 5.215,990) and 
triethylamine (25.6 g, 250 mmol) in dichloromethane (250 mL) was added 
methanesulfonyl chloride (28.6 g, 250 mmol) dropwise. This mixture was allowed to 

25 wami slowly to room temperature over 1 h then washed successlvely with saturated 
aqueous sodium bicartjonate and water. The organic layer was dried over 
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su«ate. mer^. and evapo:=« lo .«e co^ound o, P™p,«*n 
one. S»p A as a Bn soM. 49^ g (90%). 'H NMR (CDO., 300 MHz) 6 3.55 (s, 3H), 
3.52 (S. 3H). 4.42 (S,2H). 6.36 (d,1H). 6.12 (d,1H);mpi3W0-C; MS fTS) 219 

5 .,„.„ n - ni 11.11 -mnth-,- - in-^-^^"'"'^'"^- To a solution of 2. 

methoxymethyl-pyrimidin^yl-methanesulfonatB (pfBparBd according to the me^od of 
Preparation One. Step A. 43.6 g. 200 mmol) In tatrahydrofuran (400 mL) was added 
piperazine (34.4 g. 400 mmol). This mixture was heated to tefluxfor 0.5 h. cooled to 
ream temperature, and filtered. The filtrate was concentrated and dried under 

10 reduced pressure to give the title compound as a semi-solid. 36.6 g (85«/o). 'H NMR 
(CDCl. 300 MHZ) 5 2.45 (brs. 1H). Z88 (m. 4H). 3.45 (s. 3H). 3.72 (m. 4H). 4.46 (s. 

2H). 6.38 (d. 1H). 8.22 (d. 1H); MS (TS) 209 (MH*). 

Praparatjon Two 

t pWA-Pinerazln-l rr>^iHin-9.v/i\^thvl acetate. A mixture of (R)-H4. 

15 methanesulfonyloxy-pyrimidin-2-yl)-ethyl acetate (prepared according to the method 
of Preparation Six, 24.1 g. 92 mmol) and piperazine (16.0 g. 184 mmol) tn 
tetrahydmfuran (200 mL) was heated at reflux for 1 h, This mixture was cooled, 
filtered, concentrated, and purified by flash column chromatography (9:1 
dichloromethane/methanoi) to give 24.4 g (88%) of the title compound as an oil. H 

20 NMR (CDO. 300 MHz) 8 1.56 (d. 3H). 2.25 (s. 3H). 2.83 (m. 4H). 3.63 (m. 4H). 5.54 

(q. 1H). 6.38 (d, 1H). 8.24 (d. 1H): MS (CI) 251 (MH'). 

PfTtparptinn Three 

^p ,f^ pp .«;.n.m«thY ' pip.^.in...viunvrimidin-?.vn.ethvl bytvrate. A mixture of (R)- 
H4^1oroiJyrimidln-2-yl)-ethyl butyrate (prepared according to the method of 

25 Preparation Seven. 18.5 g. 80.9 mmol) and ds-2.6-dimethylplperazine (18.6 g. 162 
mmol) in tetrahydrofuran (400 mL) was stirred at room temperature overnight, diluted 
with etherTand washed with saturated aqueous sodium bicarbonate (1x) and water 
(3x) The combined aqueous extracts were back-extracted wHh 10% 
isopropanol/chlorofomi (5x). The combined organic extracts were dried over sodium 

30 sulfate, filtered, evaporated, and purified by flash column chromatography (1-5% 
methanol/chlorofomi) to give 20.9 g (84%) of the tHle compound as a waxy yellow 
solid NMR (CDO,. 400 MHz) 5 8.14 (d. 1H). 6.31 (d. 1H). 5.65 (q. 1H). 4.53^.16 
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10 



15 



20 



25 



30 



(c. 2H). 2.89-Z78 (c. 2H). 2.47.Z33 (C 2H). 2.38 2H). 1.73-1.60 (c. 2H). 1.55 (d. 
3H). 1.1 1 (d. 6H). 0.94 (t. 3H); MS (/VPCl) 307 (MH*). 

p i^ppraBon Four 

step A- ^ Ih'^"'"**"'^" 1..flVp>rrimiriin.2.YlHtHvH 

A mbrturB of (RHK4.trifluoromethanesuIfonyloxy-pyrimidin-2-ylVethyI butyrate 
(prepared acco«ling to the method of PrBparation Nine. 84.8 g. 248 mmol) and ds-1- 
benzyl.3.5^imethyl-plperazine (101 g. 495 mmol. Org. Prep. Proceed, /nt 1976. 8. 
19) in acetonitrile (310 mL) was stirred atrefloxfor 15 h. concentrated. ^^^J^^J^V 
flash column ch^matography (15% ethy. acetate/hexanes) to gh^e 52 9 (53 /o)^ the 
««ec»mpoundofPrepara«onFour.StepAasanorangeon.'HNMR(CDa 400 

MHZ) 6 8.15 (d. 1H). 7.39-7.24 (c. 5H). 6.25 (d. 1H). 5.66 (q. 1H). 4.45 (m. 1 H . 4.24 
1H). 3.52 (s. 2H). 2.73 (d. 2H). 2.37 (t. 2H). 2.22 (d. 2H). 1.70-1.60 (C. 2H). 1.55 
(d 3H). 1 .30 (d. 3H). 1 27 (d. 3H). 0.93 (t. 3H): MS {PPC\) 398 (MH*). 

r4lBe,^t^6tirt^^^^^ 

according to the method of Preparation Four. Step M 31 g. 79«/o ee) was purified by 
chiral HPLC under the following conditions (column: 15 cm id x 25 cm Prochrom 
column packed with Chiracel AD obtained from Chiral Technologies Inc.. 730 
Springdale Dr.. Exton. Pennsylvania. 19341; mobile phase: 90:10 n- 
heptane^-sopropanol; flow rale: about 1 Umin; loading: 4.2 g/cyde) to prov,de the title 
compounds of Preparation Four. Step B (109 g. >98% ee) and (12.6 g. 93% ee). 
respectively, both as yellow oils. The 'H NMR and MS data for the preceding 
compounds were In agreement with that for scalemic material of Preparation Four. 

Step A. 

step C: ^ p.^y^ ^.n^o^^^ l lT^ -^'fi- r^'^'^^^^^^ """^^ 
nvdEjajtende. To a solution of iR.l4-(4.benzy1-2a6S.^imethyl-piperazin-1-yl)- 
pyrimidin-2-ylHthyl butyrate (prepared according to the method of Preparation Four. 
Step B 109 g. Z75 mmol) in methanol (500 mL) was added hydrogen chloride (5 M m 
methaiiol. 56 mU 278 mmol). This mixture was stirred at room temperature for 5 min 
and concentrated to give 1 1 8 g (99%) of the tiUe compound of Preparation Four. Step 
C as a sfightiy yellow foam. 
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Step D: 1 R>r4-r2R.6S-DimethvNDiDsrazln-1-vlVDYfimidln-2>vn-e thvl butvrate. To a 
solution of 1R-[4-(4-benzyl-2R,6SKlimethyl-pipera2in-1-yl)-pyrimldi^^^ 
butyrate hydrochloride (prepared according to the method of Preparation Four, Step 
C. 54.2 g, 125 mmol) in methanol (200 mL) was added ammonium formate (79 g, 
5 1 .25 mol) followed by a slurry of 1 0% palladium on carbon (1 3.5 g. 25 wt%) In 
methanol (200 mL). This mixture was stirred at reflux for 1 h and filtered through 
Ceiite. The filtrate was concentrated, diluted with saturated aqueous sodium 
bicarbonate, and extracted with chlorofomi (2x). The combined organic extracts were 
dried over sodium sulfate, filtered, and evaporated to give 40.8 g of the title compound 
10 as a yellow oil. NMR (CDCI3, 400 MHz) 5 8.16 (d, 1H). 6.26 (d. 1H). 5.66 (q. IH). 
4.39 (m. 1H). 4.22 (m, 1H), 2.93 (app s, 4H), 2.38 (t. 2H). 1.71-1.62 (c, 2H). 1.56 (d, 
3H). 1.27 (d. 3H), 1.24 (d. 3H), 0.94 (t, 3H); MS (APCI) 307 (MH^ 

Preparation Hve 

fRV1-r4-Chloro-Dvrimidln>2-vlVethvl acetate . (R>-2-(1-Acetoxy-ethyl)-3H-pyrimidin-4- 
1 5 one (prepared according to the method of Preparation Thirteen, 3.00 g, 16.5 mmol) 
was added to phosphorus oxychioride (10 mL) at ambient temperature and stirred for 
3 h. Excess phosphorus oxychioride was removed under vacuum and the resulting 
oil was partitioned between chloroform and saturated aqueous sodium carbonate. 
The layers were separated and the organic layer was washed twice with water, once 
20 with saturated aqueous sodium chloride and dried over magnesium sulfate and 

filtered. The filtrate was evaporated to give the tiUe compound as an orange oil, 2.88 
g (87%). NMR (CDCI3, 300 MHz) 6 1.55 (d. 3H), Z18 (s, 3H). 5.68 (q, IH). 6,32 (d, 
IH), 8.21 (d, IH); MS (CI) 201. 203 (MH*); [ajo +27.6 (c 1.0. MeOH). 

Preparation Six 

25 fRV1«(4-Methanesulfonvloxv-Dvrimid{rh2-vlVethvi acetate . To an ice cold solution of 
(R)-2-{1-acetoxy-ethyl)-3H-pyrimidin-4-one (prepared according to the method of 
Preparation Thirteen, 2.58 g, 14.2 mmol) and triethyiamine (1.43 g. 14.2 mmol) in 
dichloromethahe (20 mL) was added methanesulfonyl chloride (1,63 g, 14.2 mmol) 
dropwise and sfirred for 1 h. The mbcture was washed successively with saturated 

30 aqueous sodium blcartsonate and water, dried over magnesium sulfate and filtered. 
The filtFate was evaporated to give the title compound as an oil, 3.15 g (65%). 
NMR (CDCIa, 300 MHz) 8 1.56 (d, 3H), 2.18 (s. 3H), 3.82 (s. 3H). 5.56 (q, 1H), 6.38 (d, 
IH), 8.24 (d, IH); MS (CI) 261 (MH*); (a]o +53.8 (c 1.1, MeOH), 
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Preparation Seven 

fRVW4-ChlorD-Dvrimidin>2-vl^-e thvl butvrate, (R).2-{1-ButyrylO)cy-€thyl>.3H- 
pyrimidin-4-one (prepared according to the method of Preparation Fourteen, 3-00 g, 
16.5 mmol) was added to phosphorus oxychloride (10 mL) at ambient temperature 
5 and stln^d for 3 h. Excess phosphoms oxychloride was removed under vacuum and 
the resulting oil was partitioned between dichloromethane and saturated aqueous 
sodium carbonate. The layers were separated and the organic layer was washed, 
once with water, once with saturated aqueous sodium chloride and dried over 
magnesium sulfate and filtered. The filtrate was evaporated to give the title compound 
10 as an orange oil, 3,19 g (85%). NMR (CDCIa, 300 MHz) 5 0.98 (t 3H), 1.54 (d, 
3H). 1.67 (m, 2H). 2.48 (t 2H). 5.68 (q. 1H). 6.36 (d, 1H), 8.21 (d, 1H); [at +27.6 (c 
1.0. MeOH). 

Prenaratjon Eight 

f RV1 -r4-MethanesulfQnvlow-ovrimidin-2 >vlVethvl butvrate. To an ice cold solution of 
1 5 (R)-2-(1 -butyryloxy-ethyl>3H-pyrimidin-4-one (prepared according to the method of 
Preparation Fourteen, 17.8 g. 97.8 mmol) and triethylamine (9.9 g. 97.8 mmol) in 
dichloromethane (100 mL) was added methanesulfonyl chloride (11.21 g, 97.8 mmol) 
dropwise and stin-ed for 1 h. The mixture was washed successively with saturated 
aqueous sodium bicart^onate and water, dried over magnesium sulfate and filtered. 
20 The filtrate was evaporated to give the title compound as an oil, 24.1 g (94%). 

NMR (CDC13. 300 MHz) 5 0.99 (t. 3H). 1.54 (d, 3H). 1.68 (m, 2H), 2.48 (t, 2H), 3.81 (s. 
3H), 5.54 (q. 1H). 6.38 (d, 1H), 8.24 (d, 1H); MS (CI) 261 (MH*); [a]o +28,8 (c 1.0. 
MeOH). 

preparation Nine 

25 f RV1 -(4-TrifluQrom6thanesulfonvloxv -Dvrimidin-2-vt Vethvi butvrate. 

Method 1: To a solution of (R).2-(1-butyryloxy-ethyI)-3H-pyrimldin-4-one (prepared 
according to the method of Preparation Fourteen. 52 g. 248 mmol) and triethylamine 
(36.2 mL, 260 -mmol) in dichloromethane (830 mL) at 0 with stirring under nitrogen 
atmosphere was added a solution of trifluoromethanesulfonic anhydride (44 nrl^ 260 

30 mmol) in dichloromethane (70 mL) dropwise via addition funnel over 30 min, 

maintaining an internal temperature of 4-8 °C. This mixture was allowed to stir an 
additional 15 min at 4 **C. then quendied with water. After stirring for 10 min. the 
layers were separated and the aqueous layer was extracted with dichloromethane 
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(3x). The combined organic extracts were dried over sodium sulfate, filtered, and 
concentrated to give 47.2 g (-100%) of the title compound as a dartc oil which was 
used immediately in the.next step. NMR (CDQa, 400 MHz) 5 8.83 (d, 1H), 7.03 (d. 
1H). 5.82 (q. 1H). 2.41-2.32 (c, 2H). 1.72-1.60 (c, 2H), 1.62 (d, 3H). 0.95 (t, 3H); MS 

5 (APCI)343(Mhr), 

Method 2: To a solution of (R)-2-(1-butyryloxy-^thyl)-3H-pyrimidin-4one (prepared 
according to the method of Preparation Fourteen, 4.20 g, 20.0 mmol) and 
triethylamine (2.02 g. 20.0 mmol) in dichloromethane (20 mL) was added 
trifluoromethanesulfonyl chloride (3.37 g. 20.0 mmol) dropwise, maintaining an 

10 intemal temperature less than -20 and stirred for 0.5 h. The mixture was washed 
successively with saturated aqueous sodium bicarbonate and water, dried over 
sodium sulfate and filtered- The filtrate was evaporated to give the title compound as 
a daric oil, 6.42 g (94%), which was used immediately in the next step. 'H NMR and 
MS data were were In agreement with that from Preparation Nine, Method 1 . 

-55 Preparation Ten 

f R^-1 >f 4-Chloro-pvrimidin-2-vlVBthanol . To a solution of (R}-1-(4-chloro-pyrimidin-2- 
y()-ethyl butyrate (prepared according to the method of Preparation Seven. 250 mg, 
1 .1 mmol) in dioxane (0.9 mL) was added concentrated hydrochloric add (0.9 mL). 
This mixture was allowed to stir at room temperature for 5 h, quenched with saturated 

20 aqueous sodium bicarbonate followed by solid sodium bicartDonate until no more gas 
evolution was evident Dichloromethane was added and the layers were separated. 
The aqueous phase was extracted with dichloromethane (3x) and the combined 
organic extracts were dried over sodium sulfate, filtered, and evaporated to give 125 
mg (71 %) of the title compound as a pale yellow oil. NMR (CDaj. 400 MHz) 5 

25 8.59 (d, 1H). 725 (d. 1H). 4.92 (q, 1H), 3.81 (br s, 1H), 1.56 (d. 3H); MS (APCI) 159. 
161 (MhT), 

Preparation Eleven 
f RW-t-V2-f 1 -Hvdroxv-ethviV3H-Pvrimidin-4> one hydrochloride. 
Step A: R-(-t-V2«Hvdroxv-proDionamidine hydrochloride . To a 22L, 3-neck round 
30 bottom flask equipped with reflux condenser, mechanical stirrer, thermometer and 
nitrogen Inlet was added tetrahydrofuran (7.3 L). R^+)-2-hydnDxy-propionamide (731 
g. 8.2 mol) and triethyloxonlum tetrafiuoroborate (95%, 1.97 kg, 9.B mol). The 
resulting yellow solution was allowed to stir at room temperature for 2 h, at which time 
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an NMR sample indicated consumption of starting material and the presence of the 
desifBd imidate! The solution was concentrated under vacuum to provide a yellow oil 
which was taken up In metinanol (2 L). This solution was cooled to 15 "^C and 
anhydrous ammonia was bubbled through the solution for 5 h. The resulting 
5 suspension was allowed to stir for 2 h. concentrated to a thick mixture, diluted with 
ethyl acetate and filtered through Cellte. The filtrate was then cooled to 10 ••C, 
anhydrous hydrogen chloride was bubbled through the solution for 2 h, warmed to 
room temperature, and filtered to provide 41 8 g (41%) of the title compound of 
Preparation Eleven, Step A. mp: 134-138 ^C; NMR (DMSO-cfe. 300 MHz) 5 1.33 (t, 

1 0 3H), 4.42 (q. 1 H), 6^5-6.88 (br s, 1 H), 8.72-9.25 (br s, 3H). 

Step B: f R W-f V2-(1 -Hvdroxv-ethv! V3H>Dvrimidin.4^ne hydr ochloride. To a 22 L. 3- 
neck round bottom flask equipped with a reflux condenser, mechanical stinBr. 
thermometer and nitrogen inlet was added methanol (8 L), potassium hydroxide (946 
g, 14.7 mol), R.(+)-2-hydro)cy-propionamidine (prepared according to the method of 

15 Preparation Seven. Step A, 1848 g, 14.7 mol) and ethyl 3-hydroxy-acrylate sodium 
salt (prepared according to the method of Preparation Twelve, Step C, 2030 g, 14.7 
mol). The resulting slurry was sfined at room temperature for 3 h. The pH was 
adjusted from 12.5 to 7 by the addition of concentrated hydrodiloric add (1 .32 L). 
The solids were filtered off and washed with isopropanol. The filtrate was 

20 concentrated to an oil, diluted with isopropanol (4 L), cooled to 1 0 and anhydrous 
hydrogen chloride was bubbled through the solution for4 h. The resulting suspension 
was filtered and the solids were dried to provide 2242 g (87%) of the title compound, 
mp: 1 80-1 84 «C (dec); NMR (DMSO-cfe, 400 MHz) 6 1.46 (d, 3H), 4.84 (q, 1H). 6.52 
(d.1H). 8.00 (d.lH). 

25 Preparation Twelve 

2-f1-Hvdroxv-€thvtV3H-Dvrimidin^ne . 

Step A! 2-HvdrDXV-DroDlonimidic add ethvi ester hvdrochloride, A solution of 
lactonitrile (378 g, 5.32 mol) in ethyl ether (1 .46 L) and ethanol (0.34 L) was saturated 
with hydrogen chloride gas at 0-5 *»C for 0,5 h and kept at 5 *C for 60 h. The resulting 
30 precipitate was filtered off and washed twice with ethyl ether to give the title compound 
of Preparation Twelve, Step A as a solid. 815 g (99%). mp: 165-168 «C: 'H NMR 
(CD3OD, 250 MHz) 5 1.45-1.53 (c, 6H). 4.40-*.61 (C, 3H). 
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Step B: 2>HvdroxV"DroDionam'Hlnfi hydroehioride . A suspension of 2- 
hydroxypropionimidic add ethy! ester hydrochloride (prepared according to the 
method of Preparation Twelve. Step A, 751 g, 4.87 mol) in ethanol (3.75 L) at 0 *C 
was saturated with ammonia gas, maintaining an intemal temperature < 5 *C, for 1 h 
5 then stin^d at ambient temperature for 18 h. The solid was filtered off and dried under 
vacuum at 40 *C to gh/e an initial crop of material. The filtrate was concentrated to 
one-half volume and a second crop was collected and dried under vacuum. The first 
and second crops were combined to give the title compound of Preparation Twelve, 
Step B as a yellow solid. 608 g (99%). mp: 134-138 •C; NMR (DMSO-da, 400 

10 MHz)8 1.30 (d, 3H), 4.38 (q, 1H). 623 (brs, 1H), 7.35 (br s. 1H), 8.78 (brs, 3H). 
Step C: gthvl 3-hvdroxv-acrvlate sodium salt To a suspension of sodium hydride 
(60% dispersion in oil. 269 g, 16.7 mol) in Isopropyl ether (12 L) was added slowly 
ethyl acetate (1280 g, 14.2 mol) at a rate which maintained an intemal temperature of 
45 °C. This mixture was stin^d for and additional 0.5 h. then ethyl fomnate (2232 g, 

15 30.1 mol) was added dropwise at 42 °C and stin-ed at ambient temperature for 18 h. 
The mixture was filtered and the solids were washed twice with ethyl ether and once 
with hexanes and dried to give the title compound of Preparation Twelve, Step C as a 
white solid, 1930 g (99%). NMR (DMSO-cfa. 300 MHz) 5 1.03 (t 3H). 3.86 (q. 2H), 
4.08 (d,1H), 8.03 (d,1H). 

20 Step D: 241-Hvdroxv-ethvlV3H-Dvnmidin-4H3ne . To a solution of ethyl 3-hydroxy- 
aaylate sodium salt (prepared acconiing to the method of Preparation Twelve, Step 
C. 1301 g, 9.42 mol) in water (1.3 L) was added a solution of 2-hydroxy- 
propionamidine hydrochloride (prepared according to the method of Preparation 
Twelve. Step B. 610 g, 4.9 mol) in water (1.3 L) at ambient temperature and stinted for 

25 48 h. The solution was adjusted to pH 7.0 with acefic add then "continuously extracted 
with chlorofonm for 48 h. The extract was dried over sodium sulfate and filtered. The 
filtrate was concentrated to a solid, slurried in ethyl ether, filtered, and dried to give the 
title compound as a solid, 232 g (38%). mp: 121-124 °C; NMR (DMSO-de. 400 
MHz) 8 1.30 (d. 3H). 4.46 (q. 1H). 5.62 (br s, 1H). 6.13 (d. 1H), 7.80 (d. 1H). 

30 ■ Preoaration Thirteen 

fRV2-n-AcetQxv-ethvlV3H-Dvrimidin-4^ne . To a solution of vinyl acetate (4.3 g, 50 
mmol) In dioxane (63 mL) was added 2-(1-hydroxy-ethyl)-3H-pyrimidin-4-one 
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(prepared according to the method of Preparation Twelve. 2.1 g. 15.1 mmol), and the 
mixture was heated to 50 *»C. To the resulting solution was added lipase P30 (0.21 g, 
10 wt%) and the heating was continued for 24 h. The reaction mixture was filtered 
and the filtrate was evaporated to obtain a thick syrupy (iquid residue. The residue 
5 was purified by flash column chromatography (95:5 didiloromethane:methanol) to 

give the title compound as a colorless liquid, 0,97 g (92% of theory). NMR (CDCI3 , 
. 300 MHz) 5 1.61 (d. 3H), 2.20 (s, 3H). 5.65 (q, 1H). 6.35 (d. 1H), 7.97 (d, 1H). 11.94 

(s, 1 H); [ah +39.9 (c 1 .0, MeOH). 

Preparation Fourteen 

10 (RV2-f1-ButvrvlQXV-ethvlV3H-Dvrimidin-4-one . 

Method 1: To a solution of vinyl butyrate (17.7 g, 310 mmol) in dioxane (650 mL) was 
added 2-(1-hydroxy-ethyi)-3H-pyrimidin-4-one (prepared according to the method of 
Preparation Twelve. 21 .8 g. 155 mmol). and the mixture was heated to 50 **C. To the 
resulting solution was added lipase P3D (4.35 g, 20 wt%) and the heating was 

1 5 continued for 24 h. The reaction mixture was filtered and the filtrate was evaporated 
to obtain a thtcic syrupy liquid residue which was partitioned between dichloromethane 
and water. The layers were separated and the organic layer was dried over sodium 
sulfote, filtered, and evaporated to give the fitie compound as a colorless riquid, 9.35 g 
(86% of theory). *H NMR (CDCI3. 300 MHz) 0.95 (1, 3H). 1.65 (m, 5H). 2.40 (m, 2H). 

20 5,65 (q, 1H). 6.45 (d, 1H). 8.00 (d. 1H); [ah +29.5 (c 1.0, MeOH). 

Method 2: To a chilled (5 'C) solution of (R)-(+)-2-{1-hydroxy-ethyl)-3H-pyTimidin^ 
one hydrochloride (prepared according to the method of Preparation Eleven. 750 g, 
4.3 mol) in dichloromethane (8 L) was added triethylamine (1216 mU 8.7 mol) 
followed by 4-dimethylaminopyridine (25.9 g, 0.21 mol). A solution of butyric 

25 anhydride (730 mL, 4.4 mol) in dichloromethane (730 mL) was fiien slowly added over 
a period of 5 h. Iceeping the temperature <3 'C. The mixture was washed twice with 
half-saturated brine (4 L) and once with saturated aqueous sodium bicarbonate (4 L). 
dried over sodium sulfate, filtered, and concentrated under vacuum to give 869 g 
(96%) of the title compound as an oil. The ^H NMR and MS data for this compound 

30 are in agreement with ttiat of Preparation Fourteen, Method 1. 

Preparation Fifteen 

iR,fA^9R eS-Dimethvi-DiDerazin-1-vl VDvrimidin-2-vn-ethvl butvrate dibenzoyl-L- 
tartrate galj. 
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Step A: 1 R-r4>(4>Benzvi-2R.6S>dimfithvl>D}Dera2i n->1 -vl VDvrimidin-2-vlVethvi butvrate 
bis dibenzovl-Utartrate salt . To a solution of {R)-2-(1-butyryloxy-ethyl)-3H-pyrimidin- 
4-one (prepared according to the method of Preparation Fourteen, 254 g, 1^5 wol) 
and triethylamine (176 mU 1.3 mol) in dichloromethane (2.3 L) at 5 was slowly 
5 added a solution of trifluoromethanesulfonic anhydride (21 1 mL. 1.25 mol) In 

dichloromethane (355 mL) over a period of 3 h. The reaction was then quenched by 
the addition of cold water (1 .4 L) and the layers were separated. The organic layer 
was washed once with saturated aqueous sodium bicarbonate (1.5 L), once with 
saturated aqueous sodium chloride (1 L). and the solvent was removed under 

10 vacuum. The resulting oil was dissolved in dimethylacetamide (890 mL) and added 
slowly to a solution of ds-1-benzyl-3,5-dimethyl-piperazine (735 g, 3.6 mol) In 
dimethylacetamide (1 .3 L) at 80 'C over a 1 h period. Heating at 80 was continued 
for 3.5 h, at which time the reaction was judged complete by gas chromatography. 
After cooling to room temperature/water (2.5 L) and isopropyl ether (2.5 L) were 

1 5 added, the layers were separated, and the organic layer was washed once with water 
(2 L). The isopropyl ether layer was then mbced well wrtth a solution of CUSO4 (126 g) 
in vrater (3 L) and filtered through a layer of Celite, washing the filter cake with 
isopropyl ether (1 L). The aqueous layer of the filtrate was drained off. and the 
remaining organic layer was washed with water (2L) and treated witii a solution of 

20 dIbenzoyl-L-tartaric acid (619 g, 2.4 moi) in isopropyl ether (5.3 L). The resulting thick 
white slurry was stin-ed for16 h and the solids were filtered off. washed with isopropyl 
ether (2 L), and vacuum dried at 

50 "C to yield 854 g (71 %) of the titie compound of Preparation Fifteen, Step A as a 
white solid. NMR (DMSO-de. 400 MHz) 5 0.89 (t, 3H). 1.23 (d. 3H), 1.25 (d, 3H), 
25 1 .48 (d. 3H). 1 .54 (dd, 2H), Z20 (dd. 2H), 2.31 (dt, 2H). 2.77 (d,.2H), 3.57 (s, 1 H), 

4.45 (m, 1H). 4.24 (m, 1H). 5.51 (q, 1H). 6.60 (d. 1H). 7.30 (m, 1 H), 7.39 (m, 4H). 7.64 
(m, 7H)r7.77 (m. 4 H), 8.05 (cr7H).-8.17 (d, 1 H). 
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Step B: 1 R-r4-f2R.6S-Dimethv{-DiDeraz{n-1-viV nvrimid}n-2-vn'ethvl butyrate 
dibenzDvl-L-tartrate salt To a mixture of 1 R-[4-(4-benzyi-2R,6S-dimethyl-piperaziiv1- 
yl)-pyrimidin-2-yl]-ethyl butyrate bis dibenzoyl-L-tartrate salt (prepared according to 
5 the method of Preparation Rfteen. Step A, 50 g, 0.045 mo!) and 5% palladium on 
carbon (50% wet, 10 g. 20 wt%) In methanol (400 mL) under a nitrogen atmosphere 
was added cydohexene (4.6 mL, 0.045 mol). This mixture was heated to reflux for 6 
h. at which time the reacfion was judged complete by TLC. After cooling to 40 'C. the 
mixture was filtered through Celite and washed with methanol (100 mL). The 

1 0 methanol was gradually displaced with isopropanol by atmospheric pressure 

distillation until a constant boiling point of 80-82 was attained, and the resulting 
white slurry was cooled to room temperature and stin-ed for 4 h. The solids were 
filtered off. washed with isopropanol (100 mL), and vacuum dried at 50 to yield 
25.7 g (86%) of the title compound as a white solid. NMR (DMSO-cfe. 400 MHz) 5 

15 0.90 (t, 3H), 1.15 (d, 3H). 1.21 (d. 3H), 1.47 (d. 3H), 1.55 (q, 2H), 2.3 (m. 2H), 3.04 (m, 
2H), 3.2 (m. 2 H), 4.4 (br s, 1 H), 4.6 (br s, 1 H). 5.5 (q. 1H), 5.74 (s, 2H). 6.6 (d, 1H). 
7.5 (L 4 H), 7.6 (m, 2H). 8.0 (m, 4H), 8.2 (d. 1H). 



20 
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CLAIMS 

1 . A compound of the formula I 




I 

5 a prodrug thereof or a pharmaceutically acceptable salt of said compound or said 
prodrug, wherein: 

is formyl. acetyl, propionyi. carbamoyl or -C(OH)R^R'; 
R' and R' are each Independently hydrogen, methyl, ethyl or hydroxy-{C,-C3)aIkyl; 
R' is hydrogen, (Ct-C4)alkyl or (C,-C4)alkoxy; 
10 R' is a radical of the formula 
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Wherein said radical of formula R*" is additionally substituted on the ring by R*. R^ and 
.R^ 

said radical of fonnula R* is additionally substituted on the ring by R^", R^® and R"; 
G, and G^ are taken separately and are each hydrogen and R* is hydrogen, (Cr 
5 C4)alkyl, (CrC4)alkoxycarbonyl. (Ct-C4)alkoxy-{C,-C4)alkyl. hydroxy-(CrC4)alkyi or 
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(CrC4)alkyl, (C,-C4)alkoxy-(CrC4)alkyl, (C,-C4)alkyi or (Ci^4)alkoxy, wherein said' 
(CrC4)alkyf in the definition of R" and said (Ci-C4)alkoxy in the definition of R* are 
optionally and independently substituted witii up to five fluoro; R^ and R' are each 
1 0 independently hydrogen or (C,-C4)alkyl; or 

G and G^ are taken together and are (CrCa)aIkylene and R", R\ R* and G^ are 
hydrogen; or 

G^ and G' are taken together and are (C,-C3)alkylene and R\ R^ R* and G are 
hydrogen; 
15 qisOorl; 

X is a covalent bond. -{C=NR^°)-, oxycartsonyl. vinylenylcarbonyl, oxy(C^- 
C4)aIkylenyicarbonyl, (CrC4)alkyienylcari3onyl. {C3-C4)alkenylcarbonyl. thio(Cr 
C4)alkylenylcarbonyl. vinyienylsulfonyl, suHinyl-(C^-C4)alkylenylcarbonyl, suHbnyl-(Cr 
C4)alkylenylcarbonyl or carbonyl(Co-C4)alkylenylcart3onyl; wherein said oxy(Cr 

20 C4)alkyienylcarbonyl, (Ci-C4)alkylenylcariDonyl, (C3-C4)alkenylcarbonyl and thio{Ci- 
C4)alkyienylcarbonyl in the definition of X are each optionally and independently 
substituted with up to two (CrC4)alkyl, benzyl or An said vinyienylsulfonyl and said 
vinylenylcarbonyl in the definition of X are optionally substituted independently on one 
or two vinylenyl cartoons with {C,-C4)alkyl. benzyl or Ar, and said carbonyi(Co- 

25 C4)alkylenyicarbonyl in the definition of X is optionally substituted indepedentiy with up 
to three (CrC4)aIkyl. benzyl or Ar, 
R^° is hydrogen or (Ci-C4)alkyi; ' 

R« is (C3-C7)cydoaikyl, Ar'-{Co-C3)alkylenyl or (Ci-Ce)alkyl optionally substituted with 
up to five fluoro; provided that when q = 0 and X is a covalent bond, oxycarisonyl or 
30 (C,-C4)alkylenylcariDonyl, then R* is not (CrCe)alkyl; 

Ar and Ar^ are independently a fully saturated, partially saturated or fully unsaturated 
five- to eight-membered ring optionally having up to four heteroatoms selected 
independently from oxygen, sulfur and nitrogen, or a bicyclic ring consisting of two 



wo 00/59510 



PCT/I600/00296 



-263- 

fused independently partially saturated, fully saturated or fully unsaturated five* to 
seven-mennbered rings, taken independently, optionally having up to four heteroatoms 
selected independently from nitrogen, sulfur and oxygen, or a tricyclic ring consisting 
of three fused independently partially saturated, fully saturated or fully unsaturated five 
5 to seven membered rings, taken independently, optionally having up to four 

heteroatoms selected independently from nitrogen, sulfur and oxygen, said partially 
saturated, fully saturated ring or fully unsaturated monocyclic ring, bicydlc ring or 
tricyclic ring optionally having one or tyvo oxo groups substituted on carbon or one or 
two 0X0 groups substituted on sulfur; 

10 At and Ar^ are optionally independently substituted on carbon or nitrogen, on one ring 
If the moiety is monocyclic, on one or both rings if the moiety is bicycfic, or on one, two 
or friree rings if the moiety is tricyclic, with up to a total of four substituents 
independently selected from R^, R" and R^^; wherein R", R'^. R" and R" are 
each taken separately and are each independently halo, fomnyl, (C,- 

15 Cfl)alkoxycarbonyl, (CrC8)aIkylenyioxycarfaonyl, (Ci-C4)alkoxy-{Ci-C4)alkyl. 
C(OH)R^^R". naphthyl, phenyl, imidazoiyl. pyridyl, triazolyl, morpholinyl, (Cg- 
C4)alkylsulfamoyl. N-{Co-C4)aIkylcariDamoyl, N,N-di-{Ci-C4)alkylcarbamoyl, N- 
phenylcarbamoyt. N-(Ci-C4)alkyl-N-phenylcarbamoyl. N.N-diphenyi carisamoyi, (Ci- 
C4)aikyicarbonylamido, (C3-C7)cycloaDcylcarbonyiamido, phenylcartsonylamldo, 

20 piperidinyl. pyrrolidinyl, piperazinyl, cyano, benzimidazolyl, amino, anllino, pyrimidyl, 
oxazolyl, isoxazoiyi, tetrazolyt, thienyl, thiazolyl, benzothiazotyl, pynxtlyi. pyrazolyl, 
tetrahydroquinoiyl, tetrahydroisoquinolyl, benzoxazolyl, pyridazinyi. pyridyloxy. 
pyridylsuifanyl, furanyi, B-{C,-C4)aIkyl-3,8-diaza[3.2.1]bicyclooctyl. 3,5-dioxo-1,2,4- 
triazinyl, phenoxy, thiophenoxy, (Ci-C4)alkylsulfanyi, (CrC4)alkylsulfonyl. (C3- 

25 C7)cydoalkyt. (Ci-C4)alkyl optionally substituted with up to five fiuoro or (Ct-C4)alkoxy 
optionally substituted with up to five fiuoro; said naphthyl, phenyl, pyridyl, piperidinyl, 
benzimidazolyl. pyrimidyl, thienyl, benzothiazolyl, pyn-olyl, tetrahydroquinoiyl, 
tetrahydroisoquinolyl, benzoxazolyl, pyridazinyi, pyridyloxy, pyridylsuifanyl, furanyi, 
thiophenoxy, anllino and phenoxy in the definition of R", R^, R" and R^^ are 

30 optionally substituted with up to three substituents independently selected from 

hydroxy, halo, hydroxy-(Ci-C4)aIkyl. (Ci-C4)alkoxy-(CrC4)alkyl, (C,-C4)alkyl optionally 
substituted with up to five fiuoro and (Ci-C4)alkoxy optionally substituted with up to five 
fiuoro; said imidazoiyl, oxazolyl, Isoxazoiyi, thiazolyl and pyrazolyl in the definition of 



wo 00/59510 



PCT/IBOO/00296 



-264- 

R", R^* and R^* are optionally substituted with up to two substituents 
Independently selected from hydroxy, halo, hydroxy-(CrC4)alkyl. (CrC4)a!koxy-(Cr 
C4)alkyl. {CrC4)alkyl optionally substituted with up to five fluoro and (CrC4)alkoxy 
optionally substituted with up to five fluoro; said morpholinyl In the definition of R", 
5 R^^ R" and R^^ Is optionally substituted with up to two substituents independently 
selected from (Ci-C4)alkyl; said pyrralidinyl in the definition of R". R^^, R" and R^ is 
opfionaliy substituted with up to two substituents independently selected from hydroxy, 
hydroxy-(Ci-C3)alkyl, (Ci-C4)alkoxy-(CrC4)ali<yi, (C,-C4)allcyl optionally substituted 
with up to five fluoro and (C^-C4)alkoxy optionally substituted with up to five fluoro; said 

1 0 piperazinyl in the definition of R", R", R" and R" is optionally substituted with up to 
three substituents independently selected firom {Ct-C4}alkoxy-(Ci-C4)alkyl, hydroxy- 
(Ci-C3)alkyl, phenyl, pyridyl, (Co-C4)a!kylsulfamoyl, (CrC4)alkyl optionally substituted 
with up to five fluoro and (CrC4)alkoxy optionally substituted with up to five fluoro; said 
triazolyl in the definition of R^\ R^^, R" and R^^ is optionally substituted with hydroxy, 

15 halo, hydroxy-(CrC4)alkyl, (C^-C4)aikoxy-{CrC4)aIkyl, (CrC4)alkyI optionally 

substituted with up to five fluoro and (Ct-C4)alkoxy optionally substituted with up to five 
fluoro; said tetrazolyl in the definition of R^^. R" and R"ls optionally substituted 
with hydroxy-<C2-C3}aIkyl or (Ci-C4)alkyl optionally substituted vritii up to five fluoro; 
and said phenyl and pyridyl which are optionally substituted on piperazine in tiie 

20 definition of R", R", R" and R" are optionally substituted wittn up to tiiree hydroxy, 
halo, hydroxy-(Ct-C4)alkyl, (CrC4)alkoxy-{Ci-C4)alkyl. (C,-C4)alky| optionally 
substituted witii up to five fluoro and (Ci-C4)alkoxy optionally substituted with up to five 
fluoro; or 

R" and R^^ are taken together on adjacent carbon atoms and are 
25 -CH20C(CH3)20CH2- or -CHCH2)p-0-. and R" and R'* are taken separately and are 
each independentiy hydrogen or (Ci-C4)alkyl; 
pis 1/21br3;~ 

R^^ and R^* are taken separately and are each independentiy hydrogen, (Ci-C4)aFkyl 
optionally substituted witii up to five fluoro; or R^" and R^" are taken separately and R^' 
30 is hydrogen and R^® is (Ca-CB)cycloalkyl, hydroxy-(Ct-Ca)alkyl, phenyl, pyridyl, 
pyrimidyl, tiiienyl. furanyl, thiazoiyi, oxazolyl, Imidazolyl, benzothiazolyl or 
benzoxazdiyi; or R^^ and R^^ are taken togetiier and are (C3-Ce)alkylene; 
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G^. and G^ are taken separately and are each hydrogen; r is 0; is hydrogen, 
(Ci-C4)alkyl. (CrC4)alkoxycarbonyl. (CrC4)alkoxy-(C,-C4)alkyI. hydroxy.{Ct-C4)aIkyl or 
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(CrC4)alkyl, (CrC4)alkoxy-{Ct-C4)alkyl. (CrC4)alkyl or (CrC4)alkoxy, wherein said 
5 (CrC4)alkyl in the definition of R* and said (CrC4)alkoxy in the definition of R' are 
optionally and independently substituted with up to five fluoro; and R" and R" are 
each Independently (Ci-C4)alkyl; or 

G*. and G' are taken separately and are each hydrogen; r is 1 ; R" is hydrogen. 

(C,.C4)alkyl. (C,.C4)alkoxycarbonyl, {C,.C4)alko)cyKC,-C4>alkyl. hydroxy.(CrC4)alkyl or 
10 phenyl optionally independentiy substituted with up to three hydroxy, halo, hydroxy- 

(C,.C4)alkyl, (CrC4)alkoxy-{CrC4)alkyl. {C,-C4)alkyl or (GrC4)alkoxy. wherein said 

(CrC4)alkyl in the definition of R* and said (CrC4)alkoxy in the definition of R'^are 

optionally and independentiy substituted with up to five fluoro; and R^*' and R" are 

each independently hydrogen or (CrC4)aIkyl; or 
15 G^ and G^ are taken together and are (CrCa)alkylene; r is 0 or 1 ; and R", R^^ R*' and 

G® are hydrogen; or 

G^ and G' are taken together and are (C,.C3)alkylene; r is 0 or 1 ; and R". R**, R" and 
G^ are hydrogen; 

R" is SOzNR^^R", CONR^R". (C,-Ce)aIkoxycarbonyl, (CrCB)aIkyicarbonyl, Ar*- 
20 carbonyl, (CrCe)alkylsulfonyl. (C,-C6)alkylsulfinyl, Ar^-sulfonyl, Ar^-sufinyl and (0,- 
Ce)alkyl; 

R2' and R^ are taken separately and are each independency selected from hydrogen, 

(CrCe)alkyl. (C3-C7)cydoalkyl and Ar^-(Co-C4)alkylenyl; or 

R^ and R^ are taken together with the nitrogen atom to which they are attached to 

25 fomi azetidinyl. pynrslidinyl. piperidinyl, piperazinyl. morpholinyl,.a2epinyt, 
azabicydb[32.2]nonanyl, a2abicyclo[2.2.1]heptyf, 6,7-dlhydro-5H- 

' — aibenzo[c.ela2epinyl, 1 A3,4-tetrahydn>isoquinolyl or 5,6.7,8-tetrahydropyrido[4,3- 
djpyrimidyl-rsaid azetidlnyl in the definition of R*' and R^ is optionally substituted 
independentiy with one substituent selected from hydroxy, amino. hydroxy-(Ci- 

30 C4)alkyl, (Ci.C4)alkoxy-^CrC4)alkyl. {C,-C4)alkyl optionally substituted witti up to five 
fluoro and (C,-C4)aIkoxy optionally substituted witii up to five fluoro; said pymDndinyl, 
piperidinyl, azepinyi in tine definition of R^^ and R^ are optionally substituted 
independentiy with up to two substituents independentiy selected ftrsm hydnaxy, 
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amino. hydroxy-(CrC4)alkyl, (CrC,)alkoxy.{C,-C4)ali<yl. (C,-C4)alkyl optionally 
substituted with up to five fluoro and {C,-C4)alkoxy optionally substituted with up to five 
fluoro; said morphoiinyl in the definition of R^^ and is optionally substituted with up 
to two substituents independently selected from hydroxy-{CrC4)alkyl. (CrC4)alkoxy- 
5 (C,-C4)alkyl. {C,-C4)alkyl optionally substituted with up to five fluons and {Ci-C4)aikoxy 
optionally substituted with up to five fluoro; said piperazinyl In the definition of and 
Is optionally substituted independently with up to three substituents independently 
selected from phenyl, pyridyl, (C,-C4)alko)€ycarbonyl and (Ct-C4)alkyl optionally 
substituted with up to five fluoro; said 1^,3.4-tetrahydro-isoquinolyl and said 5,6.7,8- 

1 0 tetrahydropyrido[4,3-d]pyrimidjfl in the definition of R^ and R= are optionally 

substituted independently with up to three substituents independently selected from 
hydroxy, amino, halo. hydroxy-(CrC4)alkyl. (CrC4)aIkoxy-(CrC4)alkyl. {Ci-C4)alkyl 
optionally substituted with up to fwe fluoro and (C,-C4)alkoxy optionally substituted 
with up to five fluoro; and said 6,7-dihydro-5H-dibenzo[c,e]azepinyl in the definition of 

1 5 R^^ and R^ is optionally substituted with up to four substituents independentiy 

selected from hydroxy, amino, halo. hydroxy-(Ci-C4)aIkyI, (Ci-C4)aIkoxy-KC,-C4)alkyl, 
(Ci-C4)alkyl optionally substituted with up to five fluoro and (CrC4)alkoxy optionally 
substituted witti up to five fluoro; said pyrimidyl, pyridyl and phenyl which are 
optionally substituted on said piperaane in tiie definition of R" and R^ is optionally 

20 substituted with up to three substituents selected from hydroxy, amino. hydroxy-(Cr 
C4)alkyl. (CrC4)alkoxy-(C,-C4)alkyl. (CrC4)aIkyl optionally substituted with up to five 
fluoro and (C,-C4)alkoxy optionally substituted witii up to five fluoro; 
Ar* is independentiy defined as set forth for Ar and Ar^ above; 
said Ar* is optionally independentiy substituted as set forth for Ar and Ar^ above; 

25 R^ is CONR^R^ or SOaR^R*. wherein R** is hydrogen (CrC4)alkyl or Af^.(Co- 

C4)alkylenyl and R" is Ar^-{Co-C4)aIkylenyl; provided that when Ar* is phenyl, naphthyl 
or biphenyl, then R= cannot be CONR**R» where R* is hydrogen or Ar* and R» Is 

R^ is hydrogen, (C,-C4)alky!, (C,-C4)aIkoxycarbonyl. (C,-C4)alkoxy^C,-C4)alkyl, 
30 hydroxy-(CrC4)alkyl or phenyl optionally independentiy substituted with up to tiiree 
hydroxy, halo. hydroxy-(Ci-C4)aIkyt. (C,-C4)alkoxy-(CrC4)alkyl. (C,-C4)alkyl or (C,- 
C4)alkoxy, Wherein said (CrC4)alkyl in tiie definition of R* and said (CrC4)alkoxy in 
ttie definition of R^are optionally and independently substituted wlUi up to five fluoro; 
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Ar* is independently defined as set forth for Ar and Ar' above; 

said Ar' is optionally independently substituted as set forth for Ar and Ar' above; 

R'^ is hydrogen or (CrC4)alkyl; 

and are each independently hydrogen, hydroxy, halo, hydrDxy-{C,-C4)a!kyl, 

5 (C,-C4)alkoxy-(Ci-C4)alkyl. (Ct-C4)alkyl optionally substituted with up to five fluoro, (C,- 
C4)aIkoxy optionally substituted with up to five fluoro, phenyl, pyridyl. pyrimidyl, thienyl. 
furanyl, thiazolyl. oxazolyl, phenoxy. thiophenoxy. S02NR»R*\ CONR^R^^ or NR«>R»'; 
said thienyl, pyrimidyl. furanyl, thiazolyl and oxazolyl in the definition of R^ and R« are 
optionally substituted by up to two hydroxy, halo. hydroxy-(C,-C4)aIky[. (CrC4)alkoxy- 

10 (C,-C4)alkyt. (C,.C4)alkyl optionally substituted with up to five fluoro or (C^-C4)ali<oxy 
optionally substituted with up to five fluoro; said phenyl, pyridyl, phenoxy and 
thiophenoxy In the definition of R= and R* are optionally substituted by up to three 
hydroxy, halo. hydroxy^C,-C4)alkyl, (CrC4)alkoxy-{C,-C4)alicyl. (CrC4)aIkyl optionally 
substituted with up to five fluoro or (Ct-C4)alkoxy optionally substituted with up to five 

15 fluoro; 

R» and R'' are each independently hydrogen, (C,^4)alkyt, (C3-C7)cycloalkyl or 
phenyl, said phenyl is optionally substituted vwth up to three hydroxy, halo, hydroxy- 
(C,-C4)alkyl, {C,.C4)alkoxyKCrC4)alkyl, (C,-C4)alkyl optionally substituted with up to 
five fluoro or (C,-C4)alkoxy optionally substituted with up to five fiuoro; or 

20 R^ and R'^ are taken together with the nitrogen to which they are attached to torm 
indolinyi, pyrrolidlnyl, piperidinyl. piperazinyl or morphollnyl; said pyn^iidinyl and 
piperidinyl in the definition of R=" and R'^ are optionally substituted with up to two 
hydroxy, amino. hydroxy-(CrC4)alkyl. (CrC4)alkoxy-{CrC4)alkyl. (C,-C4)alkyl 
optionally substituted with up to five fluoro or (C,-<;4)alkoxy optionally substituted with 

25 up to five fluoro; said Indolinyi and piperaanyl in the definition of R" and R'^ are 
optionally substituted with up to three hydroxy, amino, hydroxy-(Ct-C4)alkyl. (Cr 
C4)aIkoxy-{C,-C4)alkyI, (Ct-C4)alkoxycarbonyl, (Ct-C4)alkyl optionally substituted with 
up to five fluoro or (C,-C4)alkoxy optionally substituted with up to five fluoro; said 
morphollnyl in the definition of R* and R'^ is optionally substituted with up to two 

30 substituents independently selected ftum hydroxy-{CrC4)alkyl. {Ci-C4)alkoxy-{C,- 
C4)alkyl. (C,-C4)alkyl optionally substituted with up to five fluoro and (CrC4)alkoxy 
optionally Substituted v/ith up to five fluoro; 

A is N optionally substituted with hydrogen or (C,-C4)alkyl and B is carbonyl; or 
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A is carbonyl and B is N optionally substituted with hydrogen or (C,-C4)alkyl; 

is hydrogen or (CrC4)alkyl; 
R» is phenyl, pyridyl, pyrimidyl. thiazolyl, oxazolyl, benzyl, quinolyl, isoquinolyl, 
phthalizinyl, quinoxanlyl. benzothiazoyl. benzoxazolyl, benzofuranyl or benzothlenyl; 
5 said phenyl, pyridyl, pyrimidyl, thiazoiyi, oxazolyl. benzyl, quinolyl. Isoquinolyl, 

phthalizinyl. quinoxanlyl. benzothiazoyl. benzoxazolyl. benzofuranyl and benzothienyl 
in the definition of are optionally substituted with up to three phenyl, phenoxy, • 
NR**R^. halo, hydroxy. hydroxy-{C,-C4)aIkyl, (C,-C4)alkoxy-{Ct-C4)alkyl. (CrC4)ancyl 
optionally substituted witii up to five fluoro or (CrC4)alkoxy optionally substituted with 

10 up to five fluoro; 

R^ and R" are each independentiy hydrogen, {C^-C4 alkyl), phenyl or phenylsulfonyl; 
said phenyl and phenylsulfonyl in the definition of R^ and R^ are optionally 
substituted witti up to ttiree halo, hydroxy. (CrC4)alkyl optionally substituted with up to 
five fluoro or (C,-C4)alkoxy optionally substituted with up to five fluoro; 

15 DisCO.CHOHorCHa; 
ElsO,NHorS; 

R" and R^ are taken separately and are each independentiy hydrogen, halo, cyano, 
hydroxy, amino. {Ci-Ca)alkylamino, di-(CrCo)aikylamino, pynDiidIno, piperidino, 
morpholino. (Ci-C4)aIkoxy-(CrC4)alkyl, hydroxy-{CrC4)alkyl, Ar^, (C,-C4)alkyl 
20 optionally substituted wltii up to five fluoro or (CrC4)alkoxy optionally substituted with 
up to five fluoro; 

R", R® and R^ are each independentiy hydrogen or (C,-C4)-alkyl; 

Af^ is phenyl, furanyl, thienyl, pyridyl, pyrimidyl, pyrazlnyl or pyridazinyl; said Ar^ bang 

optionally substituted with up to tinree hydroxy, (CrC4}a!koxy-(Ct-C4)aIkyl, haio, 
25 hydroxy-(Ct-C4}aIkyl, (Ci-C4)alkyi optionally substituted with up to five fluoro or (C^- 

C4)alkoxy optionally substituted witfi up to five fluoro; or 

R^ and R^ are taken together on adjacent carbon atoms and are -0-{CH2)rO-; 

t is 1.2 or 3; 

Y is {C2-Ca)alkyiene; 
30 R^, R^ and R*® are each independentiy hydn^gen or (CrC4)alkyf; 

m and n are each independentiy 1 , 2 of 3, provided that the sum of m and n is 2. 3 or 

4; 

kis 0. 1.2, 3 or 4; 
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is a covalent bond, carbonyl, sulfonyl or oxycarbonyl; 
R** Is (C3-C7)cycloallcyl. Ar^KCo-C4)aIkyienyl, NR^'R^ or (CrCe)alkyl optionally 
substituted with one to five fiuoro; provided tliat when is a covalent bond or 
oxycarbonyl, then R*' is not NR*^R**; 
5 R^' and R^ are taken separately and are each independently selected from hydrogen, 
Ar*. {Ci-Ce)alkyl and Ar*-(Co-C4)alkylenyl; or 
- R*^ and R^ are taken together with the nitrogen atom to which they are attached to 
fonn azetidinyl. pynnDiidinyl, piperidinyl, piperazinyl, morpholinyl. azepinyl, 
a2abicyclo[32.2]nonanyI, a2abicycIo[2.2.1]heptyl, 1 ,2.3.4-tetrahydroisoquinolyl, 6.7- 

1 0 dihydro-5H-dibenzo[c,e]a2epinyi or 5,6,7,8-tetrahydropyrido[4,3-dlpyrimidyl; said 
azetidlnyl in the definition of R*^ and R^ are optionally substituted with one hydroxy, 
amino. hydroxy-{C,-C4)alkyl. (CrC4)a!koxy-(CrC4)aIkyI, (C,-C4)alkyl optionally 
substituted with up to five fiuoro or (CrC4}alkoxy optionally substituted with up to five 
fiuoro; said pyrroiidinyl, piperidinyi and azepinyi in the definition of R^'' and R^* are 

1 5 optionally substituted with up to two hydroxy, amino, hydroxy-(CrC4)alkyI, (C^ 

C4)aIkoxy-(CrC4)alkyl, (C,-C4)aikyi optionally substituted with up to five fiuoro or (Cr 
C4)alkoxy optionally substituted with up to five fiuoro; said morpholinyl in the definition 
of R*^ and R" is optionally substituted with up to two substltuents Independently 
selected from hydroxy-(C,-C4)aIkyl. (CrC4)alkoxy-(CrC4)alkyl, (CrC4)aikyl optionally 

20 substituted with up to five fiuoro and (C,-C4)alkoxy optionally substituted with up to five 
fiuoro; said piperazinyl, 1 ,2,3,4-tetrahydroisoquinoiyi and 5,5.7,8-tetrahydro[4,3- 
d]pyrimidyi in the definition of R^' and R** are optionally substituted with up to three 
hydnaxy. amino, halo. hydroxy-{C,-C4)alkyl, (Ci-C4)aIkoxy-(CrC4)alkyl, (CrC4)alkyl 
optionatly substituted with up to five fiuoro or (Ci-C4)alkoxy optionally substituted with 

25 up to five fiuoro; and said 6.7-dihydro-5H-dibenzo[c,e]azepinyl in the definition of R^ 
and R^ are optionally substituted with up to four hydroxy, amino, halo, hydroxy-{Ct- 
C4)alkyl. (C,-C4)alkoxy-.(CrC4)aIkyl, {CrC4}alkyl optionally substituted with up to five 
fiuoro or (Ci-C4)aIkoxy optionally substituted with up to five fiuoro; 
Ar^ is independently defined as set forth for Ar and Ar^ above; 

30 Ar* is optionally independently substituted as set forth for Ar and Ar^ above; 

R^ and R^ are independently hydrogen, (C3-C7)cydoalkyl, Ar*-(Co-C3)alkylenyl, Ar*- 
(C2-C4)alk^yl, Ai^-cart)onyl or (Ct-Ce)alkyl optionaliy substituted with up to five fiuoro; 
Ar^ is independently defined as set forth for Ar and Ar^ above; 
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Ar^ is optionally independently substituted as set forth for Ar and Ar' above; and 
R*' and R*^' are each independently hydrogen or (Ci-CJalkyL 

2. A compound of daim 1 . a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodmg, wherein: 
5 R^is 



substituted by R", R" orR»; 

G^ and are taken separately and are each hydrogen, r is 0 and R" is hydrogen, 
(C,-C4)alkyl, (Ci-C<)all<oxycarbonyl or phenyl optionally substituted by up to tiiree 

10 hydroxy, halo. hydroxy-{CrC4)aIkyl. (CrC4)all<oxy-(Ct-C4)alkyl, (CrC4)a[kyl optionally 
substituted witii up to five fiuoro or (CrC4)alkoxy optionally substituted with up to five 
fluoro; R" and R^ are each independentiy (CrC4)alkyl; 
G', G^ and G* are taken separately and are each hydrogen; r is 1 ; and R^" is 
hydrogen, {CrC4)alkyl, (CrC4)alkoxycarbonyl or phenyl optionally substituted by up to 

1 5 three hydroxy, halo, hydraxy-(CrC4)alkyl, (C,-C4)alkoxy-(Ci-C4)alkyl, (Ci-C4)alkyl 
optionally substituted witti up to five fluoro or (C,-C4)alkoxy optionally substituted witti 
up to five fluoro; R^' and R" are each independentiy hydrogen or (C,-C4)alkyl; or 
G* and G* are taken together and are (Ci-C3)alkylene; r Is 0 or 1 ; and R". R". R* and 
G' are hydrogen; or 

20 G^ and G* are taken together and are (C,-C3)alkylene; r is 0 or 1 ; and R". R'*, R" and 
G^ are hydrogen; 

R" is SOsNR^'R^. GONR^'R^, (Ci-C6)alkoxycarbonyl. {CrCB)alkylcarbonyl, Ar^- 
carbonyl, (C,-C8)alkylsulfonyl, (CrCe)alkylsulfinyl, Ar^-sutfonyl. Ar^-sufinyl and {Cr 
Cfl)alkyl; 

25 R^ and PF are taken separately and are each independentiy selected from hydrogen, 
(CrCfi)alkyl. (C3-C7)cycloaIkyl and Ar^^Co-C4)alkylenyl; or 
R^^ and R° are taken together with ttie nitrogen atom to which they are attached to 
fomn azetidinyi, pymjiidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl. 
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a2abicyclo[3.2.2]nonanyl, a2abicyclo[2.2.1]heptyl, 6.7-dihydro-5H- 
diben2o[c.e]a2epinyl. 1,2,3,4-tetrahydrcHSoquinolyl or S.6,7.8-tetrahydropyrido[4.3- 
dlpyrimidyl; said azetidinyl in the definition of R^^ and is optionally substituted 
independently with one substKuent selected from hydroxy, an^no, hydroxy-(Ct- 
5 C4)alkyi, (Ct.C4)alkoxy-(C,.C4)alkyI. (Ci-C4)allQfl optionally substituted with up to five 
fluoro and (Ci-C4)alkoxy optionally substituted with up to five fluoro; said pyrrolidinyl, 
piperidinyl, morpholinyl, azepinyl In the definiflon of R*^ and are optionally 
substituted independently with up to two substituents independently selected from 
hydroxy, amino, hydroxy-(Ci-C4)allcyl. {CrC4)alkoxy-(CrC4)alky(. {CrC4)alkyl 

1 0 optionally substituted with up to five fluoro and (Ct-C4)alkoxy optionally substituted 
with up to five fluoro; said morphollnyl in the definition of R^^ and R^ is optionally 
substituted with up to two substituents independently selected from hydroxy-{Cr 
C4)alkyl. {Ct-C4)aIkoxy-{CrC4)alkyl. (CrC4)alkyl optionally substituted with up to five 
fluoro and (C,-C4)alkoxy optionally substituted with up to five fiuoro; said piperazinyl in 

1 5 the definition of R^ and R° Is optionally substituted independently with up to fliree 
substituents Independently selected from phenyl, pyridyl, pyrlmidyl, (Cr 
C4}alkoxycarbonyl and (CrC4)alkyl opfionally substituted with up to five fluoro; said 
i;2.3,4-tetrahydro-lsoquinolyi and said 5,6 J.8-tetrahydropyrido[4,3-d]pyrimldyl In the 
definition of R^ and R^ are optionally substituted Independently with up to three 

20 substituents independently selected from hydroxy, amino, halo. hydroxy-{Ct-C4)alkyl. 
(CrC4)alkoxy-{Ci-C4)alkyl. (CrC4)alkyl optionally substituted with up to five fluoro and 
(CrC4)alkoxy optionally substituted with up to five fluoro; said pyrimidyl, pyridyl and 
phenyl which are optionally substituted on said piperazine in the definition of R^^ and 
R" is optionally substituted with up to three substituents selected from hydroxy, 

25 amino, hydroxy-(C,-C4)alkyl, {C,-C4)aIkoxy-{C,-C4)alkyl. (Ci-C4)alkyl optionally 

substituted with up to five fluoro and (Ct-C4)alkoxy optionally substituted with up to five 
fiuoro; and said 6.7-dlhydro-5H-dibenzo[c,e]azepinyl in the definition of R" and R° Is 
optionally substituted with up to four subsfituents independently selected Irom 
hydroxy, amino, halo, hydroxy-(C,-C4)alkyi. (CrC4)alkoxy-(CrC4)aIkyl, {Ci-C4)alkyl 

30 optionally substituted with up to five fiuoro and (Ci-C4)alkoxy optionally substituted 
with up to five fiuoro. 

3. A compound of daim 1 , a prodrug thereof or a phamnaceutically 
acceptable salt of said compound or said prodrug, wherein: 
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RMs 




R» is CONR»R=^. SOzR'^R". wherein R* Is hydrogen (C,-C4)alkyl or Ar*-{Co- 
C4)alkylenyl and R" is Ar^-(CVC4)aIkyienyl; provided ftat when Ar* is phenyl, naphthyl 
5 or biphenyl. then R» cannot be CONR»R» where R» Is hydrogen or Ar» and R» is 

R*^ Is hydrogen, (CrC4)all<yl, (Ci-C4)aIlcoxycart3onyi or phenyl optionally substituted by 
up to three (CrC4)alkyl optionally substituted with up to five fluoro. (CrC4)all<oxy 
optionally substituted with up to five fluoro, hydroxy, halo or hydroxy-{CrC3)aIkyt. 
-JO 4. A compound of claim 1 . a prodaig thereof or a phamiaceutically 

acceptable salt of said compound or said prodrug, wherein: 
R^is 




R" is hydrogen or (Ct-C4)allvl; 

15 R^ and R^ are each independently hydrogen, hydroxy, halo, hydroxy-(CrC4)alkyl. 
(CrC4)aIkoxy-(Ci-C4)a!kyi. (CrC4)alkyi optionally substituted with up to five fluoro, (C,- 
C4)alkoxy optionally substituted^ith up to five fluoro, phenyl, pyridyl, pyrimidyl, thienyl, 
furanyl, thiazolyl, oxazotyl. phenoxy. thiophenoxy, S02NR**R*\ CONR**R*^ or NR*R*\ 
said thienyl, pyrimidyl, furanyl, thiazolyl and oxazolyl in the definition of R* and R" are 

20 optionally substituted by up to two hydroxy, halo, hydroxy-{CrC4)alkyl, (C,-C4)alkoxy- 
(Ct-C4)alkyl, (CrC4)aIkyl optionally substituted with up to five fluoro or {C,-C4)a!koxy 
optionally substituted with up to five fluoro; said phenyl, pyridyl, phenoxy and 
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fhiophenoxy In the definition of and R" are optionally substituted by up to three 
hydroxy; halo. hydroxy-(C,-C4)alkyl. (C,-C4)alkoxy-{CrC,)alkyl. (C,-C,)alky! optionally 
substituted with up to five fluoro or (C,-C4)all«5xy optionally substituted with up to five 



5 R» and R" are each independently hydrogen, (C,-C4)allcyi, (C3-CT)cycioalkyi or 
phenyl, said phenyl is optionaiiy substituted vi/ltti up to three hydroxy, halo, hydrojv 
{C,-C4)allcyl, (C,-C4)alkoxy-(C,-C4)alkyl. {C,-Ci)aSk^ optionally substituted with up tb 
five fluoro or (C,-C4)aikoxy optionally substituted with up to five fluoro; or 
R* and R" are taken together with the rtitrogen to which they are attached to form 

1 0 indoiinyl. pyrrolidinyl, piperidinyl, piperazlnyl or rrrarpholinyl; said pyrrolidinyl and 
piperidinyl in the definition of R* and R'^ are optionally substituted with up to two 
hydroxy, amino. hydroxy-{C,-C4)alkyI, (C,-C4)alkoxy-(C,-C4)alkyl. {C,-C4)alkyl 
optionally substituted with up to five fluoro or (CrC4)alkoxy optionally substituted with 
up to five fluona; said indoiinyl and piperazinyl in the definition of R" and R*' are 

1 5 optionally substituted with up to three hydroxy, amino, or hydroxy-{C,-C4)alkyl, (C,- 
C4)alkoxy-{C,-C4)alkyI, (CrC4)alkoxycarbonyI, (C,-C4)alkyl optionally substituted with 
up to five fluoro or (C,-C4)alkoxy optionally substituted with up to five fluoro; and said 
morpholinyl in the definition of R* and I^' Is optionaBy subsfituted with up to two 
substltuents independently selected from hydroxy-{CrC4)alkyt, (C,-C4)alkoxy-(C,- 

20 C4)alkyl, (C,-C4)alkyl optionally substituted with up to five fluoro and (C,-C4)alkoxy 
optionally substituted with up to five fluoro. 

5. A compound of daim 1 , a prodmg thereof or a phamiaceutically 
acceptable salt of said compound or said prodmg, wherein: 



fluoro; 



RMs 



25 




A is N optionally substituted with hydrogen or (C,-C4)alkyl and B is carbonyl; or 
A is carbonyl and B is N optionally substituted witti hydrogen or (C,-C4)alkyl; 
R** is hydrogen or-{C,-C4)alkyl; 
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is phenyl, pyridyl. pyrimidyl, thiazolyl, oxazolyl, benzyl, quinolyl. isoquinolyl, 
phthalizinyl. quinoxanlyl. benzothiazoyl, benzoxazolyl. benzofuranyl or benzothienyt; 
said phenyl, pyridyl, pyrimidyl, thiazolyl. oxazolyl, benzyl, quinolyl, isoquinolyl, 
phthalizinyl. quinoxanlyl, benzothiazoyl, benzoxazolyl, benzofuranyl and benzothlenyl 
5 in the definition of are optionally substituted with up to three phenyl, phenoxy. 
NR'^R", halo, hydroxy, hydroxy-^C,-C4)aIlcyl. (CrC4)alkoxy-(Ct-C4)aIkyl, (C,-C4)alkyl 
optionally subsfituted with up to five fluoro or (Ct-C4)alkoxy optionaliy substituted with 
up to five fluoro; 

R^ and R^ are each independently hydrogen. (CrC4 alkyi). phenyl or phenylsulfonyl; 
1 0 said phenyl and phenylsulfonyl in the definition of R'^ and R^ are optionally 

substituted with up to three halo, hydroxy. (CrC4)alkyi optionally substituted with up to 
five fluoro or (C,-C4)alkoxy optionally substituted with up to five fluoro. 

6. A compound of claim 1 , a prodrng thereof or a pharmaceutically 
acceptable salt of said compound or said prodmg. wherein: 



DisCO.CHOHorCHj; 
ElsO.NHorS; 

R^ and R'^ are taken separately and are each independently hydrogen, halo, cyano, 
20 hydroxy, amino, (Ci-C6)alMamlno, dl-(C,-Cfl)alky!amino,-pym3iidino, piperidino, 
morphoijno,iCi-C4)aIkoxy-(Ct-C4)alkyl, hydroxy-<C,"C4)aIkyL Ar^. (Ct-C4)alkyl 
optionally substituted vrith up to five fluoro or (CrC4)alkoxy optionally substituted witii 
up to five fluoro; 

R*. R'' and R*° are each independently hydrogen or (CrC4)-alkyl; 
25 Ar^ is phenyl, furanyl, tiiienyl, pyridyl, pyrimidyl, pyraziny! or pyridazinyl;*said Ar^ being 
optionally substituted with up to tiiree hydroxy. (CrC4)alkoxy-(CrC4)alkyl. halo, 



15 RMs 
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hydroxy-(C,-C4)alkyi. (CrC4)alkyl optionally substituted with up to five fiuoro or (C.- 

COaikoxy optionally substituted witii up to five (luoro; or 

R« and.R'' are taken together on adjacent carbon atoms and are -O-CCHjX-O-; 

tis1,2or3. 

. 7. A compound of dalm 1 . a prodrug thereof or a pharmaceuticaliy 
acceptable salt of said compound or said prodrug, wherein: 
R*ls 

^« 



N 





or 




Yis(C2-Cg)alkyiene: 
10 R**, R** and R"" are each independentiy hydrogen or (C,-C4)alkyl; 

m and n are each independently 1, 2-er-3rprovided-that-1he-sum of m and n is 2. 3 or 

4; 

kis0to4: 

y is a covalent bond, carfaonyl, suifonyl or o>cycarbonyl: 
15 R« Is (C-C7)cycloalkyt. Ar*-(Co-C,)aikyienyl, NR«R" or (C,-C.)alkyl cptionaliy 
substituted with one to five fiuoro; provided that when V is a covalent bond or 
oxycarbonyl, then R" is not NR^R**; 
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R*' and R'' are taken separately and are each independently selected from hydrogen, 
Ar^. (CrC6)alkyl and V-(Co-C4)alkylenyl; or 

R*^ and R^ are taken together with the nitrogen atom to whi* they are attached to 
form azetidinyl. pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, azepinyl. 
5 azabicyclo[3.2.2]nonanyl, a2abicydo[2.2.1]heptyl, 1 ,2,3.4-tetrahydraisoquinolyl. 6,7- 
dlhydro-5H-diben20[c,e]azepinyl or5,67.8-tetrahydropyrido[4,3-d]pyrimidyl; said 
azetidinyl in the definition of R*^ and R** are optionally substituted with one hydroxy, 
amino, hydro)cy.(CrC4)alky!. {Ci-C4)alkoxy.{Ci^4)aikyl, (CrC4)alkyl optionally 
substituted with up to five fiuoro or (CrC4)alkoxy optionally substituted with up to five 

10 fiuoro; said pyn-olidinyl, piperidinyl and azepinyl in the definition of R*^ and R'** are 
optionally substituted with up to two hydroxy, amino. hydroxy-(CrC4)alkyl. (Cr 
C4)alkoxy-(CrC4)alkyl. (CrC4)alkyl optionally substituted with up to five fiuoro or (Cr 
C4)alkoxy optionally substituted with up to five fiuoro; said morpholinyl in the defintfion 
of R^^ and R^ is optionally substituted with up to two substituents independently 

1 5 selected from hydroxy-(C,^4)alkyl. (CrC4)alkoxy-(CrC4)alkyl. (C,-C4)alkyl optionally 
substituted with up to five fluoro and {CrC4)alkoxy optionally substituted with up to five 
fiuoro: said piperazinyl. 1.2.3,4-tetrahydroisoquinolyl and 5,6 J.8-tetrahydro[4,3- 
dlpyrimidyl in ttie definition of R*^ and R** are optionally substituted with up to three 
hydroxy, amino, halo, hydroxy-{CrC4)alkyt, (CrC4)alkoxy.(CrC4)aIkyl. (CrC4)alkyl 

20 optionally substituted wlUi up to five fluoro or (C,-C4)alkoxy optionally substituted witii 
up to five fluoro; and said 6,7-dlhydro-5H-dlbenzo[c.e]azepinyl in the definition of R*^ 
and R** are optionally substituted witii up to four hydroxy, amino, haio. hydroxy.{Ci- 
C4)alkyl, (CrC4)alkoxy-(CrC4)alkyl. (CrC4)alkyl optionally substituted wiOi up to five 
fiuoro or (CrC4)alkoxy optionally substituted witii up to five fluoro. 

25 8. A compound of daim 7. a prodmg thereof or a phamiaceutically 

acceptable salt of said compound or said prodmg wherein: 

R' Is (R)-l-hydraxy-ethy!; 

R* Is hydrogen; 
R»is 
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10 



kis 0; 

is a covalent bond; and 
R« is 4-pyrimidinyl substituted at the 2-position with 14iydroxymethyl. 

9. A compound of daim 1 . a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug, wherein: 
R^is 



R*=and R^^ are independently hydrogen, (C3-C7)cycloalkyl, Ai*.(Go-C3)alkylenyl, Ar*- 
(C2-C4)alkenyl, Ar*-carbonyl or (C,-Ca)alkyl optionally substituted with up to five fluoro; 
and 

R^' and R*^* are independently is hydnsgen or (C,-C4)alkyl 

1 0. A compound of daim 1 , a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug, wherein: 
R^ is C(OH)R^R^ where R^ and R* are each independently hydrogen or methyl; 
R^ is hydrogen; 
RMs 




or 
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Wherein said R* is substituted by R*. or R*; 

G, G< and are talcen separately and are each hydrogen and R" is hydrogen or (C,- 
Ct)a\ky\'. PJ and R* are each independently hydrogen or (C,-C«)aii<yl; or 
5 c'andG' are taken together and are (C,-C,Wene and R^R^R' and G» are 

hydrogen; or 

G' and G' are taken together and are (C,.C,)aikylene and R*. R\ R' and G are 

hydrogen; 

qisOorl; 

10 X is a covalent bond, oxycarbonyl.vinylenyicarbonyl, oxy(C,-C4)ailcylenylcarbonyl. 
thlo(C,.C«)aII«ylenylcart)onyi or vlnylenylsulfbnyl: said vinylenyicarbonyl and said 
vinylenylsutfonyl in the definition of X are optionally substituted on one or two vinylenyl 
carbons with {CrC,)alkyi. benzyl or An said oxy(CrC4)alkylenylcarbonyl and said 
thio(C,-C4)aIkylenylcarbonyl in the definition of X are optionally substituted with up to 

1 5 two (Ci-C«)alkyl, benzyl or Ar, 

R' is (C,-CT)cydoalkyl. ArXCo-C,)alkyienyl or {C,-Ce)alkyl optionally substituted wtth 

up to five fluoro; 

Ar' is phenyl, naphthyl. pyridyl. pyrimidyl, pyrazinyl. pyridazlnyl, triazinyl, quinolyl. 

isoquinoiyl, quinazoiyl, qulnoxalyl. phthalazlnyl. dnnolinyl. naphthyridinyl, pteridinyl. 
20 pyrazinopyrazinyl. pyrazlnopyridazlnyl. pyrimidopyridazinyl. pyrimidopyrimidyl. 

pyridopyrimldyl, pyridopyrazinyl, pyridopyridazlnyl. pyrrolyl. furanyl, thienyl. imidazolyl. 

oxazolyl..thiazolyl. pyrazolyt, isoxazolyl. isothiazolyl. triazolyl. oxadiazolyl. thiadiazoiyl. 

tetrazolyl, indolyl. benzofuranyt, benzothienyl, benzimidazolyl. benzoxazolyl. 

benzothiazolyl. indazolyl. benzisoxazolyl. benzisothiazolyl. pyn-olopyridyl. furopyridyl. 
25 thienopyridyi. imidazolopyridyl. oxazolopyridyl, thiazolopyridyl. pyrazolopyridyl. 

isoxazolopyridyl, isothiazolopyridyl. pyrrolopyrimidyl. furopyrimidyl. thienopyrinnidyl. 

imidazolopyrimidyt. oxazolopyrinoidyi, thiazolopyrimidyl, pyrazolopyrimi.dyl, 

isoxazolopyrimidyl. isothiazolopyrimidyl, pynDiopyrazinyl. furopyrazinyl, 
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thlenopyrazinyl. imidazolopyrazlnyl, oxazolopyrazlnyl. thiazolopyrazinyl, 
pyrazolopyrazinyL isoxazolopyrazinyl, isothiazolopyrazinyl. pyrrolopyridazinyl. 
furopyridaanyl. thienopyridazinyl. imidazolopyridazinyl, oxazolopyridazinyl. 
thiazolopyridazinyl, pyrazolopyridazinyl. isoxazolopyridazinyl or isothlazolopyridazinyl; 
5 and 

said Ar^ is optionally substituted as setfor&i in daim 1. 

11. A compound of claim 1 0. a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodaig, wherein: 

X Is a covalent bond, oxycarbonyl or vinylenylcarbonyl optionally substituted on one or 
1 0 two vlnylenyl carbons with {C,-C4)allcyl, benzyl or An 
R« is Ar^-(Co-C4)allcylenyl; 

Ar' is phenyl, naphthyl, pyridyl. pyrimidyl, pyrazinyl. triazinyl, quinoiyi, isoquinolyl, 
quinazolyl, quinoxalyl, furanyl, thienyl. indolyl. benzofuranyl, benzothienyl, 
benzoxazolyl, benzothiazolyl, furopyridyl. oxazolopyridyl, thiazolopyridyl. thienopyridyl. 
1 5 furopyrimidyl, thienopyrimidyl. oxazolopyrimidyl or thiazolopyrimidyl; and 
said Ar^ is optionally substituted as set forth in claim 1. 

12, A compound of daim 1 1 , a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodmg, wherein: 

is hydnDgen; 
20 R* is hydrogen or methyl; 
R* is methyl; 

G, and are hydrogen; 

R« and R^ are each independently hydrogen or methyl;. 

R* is hydrogen. 

25 1 3. . A compound of daim 1 2. a prodrug thereof or a' phannaceutically 

acceptable salt of said compound or said prodrug wherein: 
R'']s'(R)-*1-hydroxy-ethyt; and 
R^ is 
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14. The compound of claim 1 , a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug, wherein: is 2-furo[3^-c]pyridyl; 
2-{4-chloro-furot3,2-c]pyridyl); 2-(4-pyrTDlidin-1-yl-furo[3;2-c]pyridyI); 2K4-mofpholln4- 

5 yl-furo[3r2-c]pyridyl);or2-imida2o[1,2-a]pyridyl. 

15, A compound of claim 1 , a prodmg thereof or a phannaceutically 
acceptable salt of said compound or said prodrug, selected from 1R-(4-{142-{1R- 
hydroxy-^thyl}-pyrimidin-4-yIH4.41bipiperidinyI-1-ylH)yrimidin-2-yl)^ 
furo[3^-c]pyridin-2-ylK4^2-{1R-hydroxy-^thyl}-pyrimidin-4-yO-3 

1 0 piperazin-1 .yl}-methanone; (4-chloro-fura[3,2-c]pyridin-2-yIH4-[2-(1 R-hydroxy-ethyl)- 
pyrimidin-4-ylh3R,5SKJimethyliDipera2ln-1-yl}HTOtha^ {4-[2-(1 R-hydroxy-ethyl). 
pyrimidin-4-yQ-3R,5S-dimethyI-pipera2in-1-ylH4-pyrT6lidin-1-y^ 
methanone; {4-I2-(1 R.hydrQxy-ethyl)-pyrimidin-4.yO-3R,5S-<iimethyl-pipera2in-1-yl}- 
(4-morpholin-4-yl-furo[3,2-clpyridin-2-yl)-methanone; {4-[2-{1 R-hydroxy-ethyl)- 

1 5 pyrimidin-4-yl]-3R,5S-dimethyl-piperazin-1 -yIHmida2o[1 .2-a]pyridin-2-yl-methanone; 
furo[3^-c]pyridln-2-yl-^4-[2-(1R-hydroxy-^thyl)-pyrirrtdin-^ 
pipera2in-1-yl}-methanone; 4-[2-(1 R-hydroxy-ethyl}-pyTimidin-4-yi]-2R,5S-dimethyi- 
piperazine-1-carboxyiic acid pyridin-3-yl ester. 4-I2-(1R-hydroxy-ethyl}-pyrimidin-4-yO- 
2R,6S-dimethyl-pipera2ine-1-carboxyiic add 2-methyl-pyrid!n-3-yl ester; 4-{2-{1R- 

20 hydroxy-ethylH3yTimidln-4-yl]-2R,6S-dimethyl-piperazlne-1^ carboxyiic add 5-diloro- 
pyridin-3-yl esten 4^2K1R-^ydroxy-ethyl>pyrimldin-4-yI]-2R,6SKlimethyi-piperazinfr 

1 -carboxyiic add 6-methyl-pyridin-3-yl ester; (E)-1 -{4-I2-(1 R-hydroxy-ethyl)-pyrimidln- 

4-)rt]-2R,6S^imethyl-plperazin-1-yI}-3-thiophen-2-yl-propenone; 1 R-{4-[4-{4.6- 
dimethyl-pyrimldin-2-yl}-3R.5S-dimethyl-piperazin-1 -yl]-pyrimidin-2-yI}-ethanol; 1 R-(4- 

25 [4.(4-methoxymethyl-6-methyl-pyrimidin-2-yl)-3R.5S-dimethyli3ipera2i 

pyrimidin-2-yI}-ethanol; 1 R-[4-{4-(4-hydroxymethyI-6-methyl-pyrimidin-2-yl>-3R,5S- 
dimethyl-pipera2in-1-yr|-pyrimldin-2-yl}-ethanol; 1 R-{4-{3R.5S-dimethyPK2-{4-methyl- 
plperazin-l -yl)-pyrimidin-4-yl]-piperazin-1 -yI}-pyrimidin-2-yl)-ethanol; 1 R-{4-{4-[2-^4- 
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ethyl-piperazin-1 -yl}-py rimidin-4-yll-3R.5S-dimethyl-pipera2in-1 -yl^ 
ethanol; 1 R-(4-{3R,5S-dimethyl-4-[2-{4-methyl-imidazol-1-y^ 
1.yl}-pyrimldir>2-yl)-ethanol: 1 RK443R,5SKjimethyl^[2-(2-m8thyHmidazol-1-yI}- 
pyrimidin-4-yQ-pipera2in-1-yI}-pyrinrudin-2.yl)-ethanot ^ 
5 irnidazol-1.ylH5yrimidin-4.yO-3R,5S-dimethyl-pl^ 

1R,(4-{4.[2^4-isopropyl-plperazirh1-yI)-pyrimldin-4-yl^^ 
pyrimidln-2-yl)-ethanol; 1R-(4.{3R,5S-dimemyl-H4-methyl-6-{4-memyt-plperaa 
ylHl ,3.5]triazin-2-yIh>ipera2in-1-yIhpyrimidin-2-yl)-ethanol; 1 R-{4.[4-(4-fnethoxy-6- 
methyl-[1,3,5]tria2in-2-yIV3R,5S-dimethyl-pipera2in-1-yIHpyrimi 

1 0 {4-[4K4,6-dimethoxy-[1 .3.5]triazin-2-yl)-3R,5S-dimethy|.pipera2irv1 -yO-pyrimidin.2-yl}. 
ethanol; 1R-{4-[4-(4-ethoxy-6-methyl-[1 ,3,5]triazin-2-yl}-3R,5S-dimethyl-pipera2in-1- 
yO-pyrimidin-2-yl}-ethanol; 1 R-{4-t4-{4-lsopropoxy-6-nriethyK1 .3,5]triazin-2-yI)-3R.5S- 
. dirnethyl-piperazin-1-yQ-pyrimidin-2-yI}-ethanol; 1R-[4-[3R.5S-dimelhyl-4-{4-phenyl- 
[1,3,5]triazin-2-yl)-pipera2in-1-yO-pyrimldirv-2-yl}-€thanoU 

1 5 methoxy-[1 3,5]tria23n-2-yI^3R,5S-dimeftyl-piperazin-1-yl]-pyri^ 1 R- 

{4-[4-(4-lsopropoxy-6-methoxy-[1 .3,5]triazin-2-yl)-3R,5S-dirnethyl-piperaan-1-yl]- 
pyrimidin-2-yl}-ethanoI; 1 R-{4-[4-(4-teopropyl-[1 ,3,5Jtriazin.2-yI)-3R.5S-dimethy|. 
pipera2in-1-yl]-pyriniidin-2-yl}-ethanoI; 1 R-{4-[4-{4,6-dimethyJ-[1 ,3,5]triazin-2-yl}- 
3R,5S-dimelhyI-piperazin-1-yl]-pyrimidin-2-yl}-ethanol; 1 R-{4-[3R,5S<limethyl-4-(4- 

20 methyl-6-phenyl-[1 .3,5]tria2irw2-yl>piperazir^1-yllpyrimidin-2-yI}-€thanol; 1 R'{HH'^ 
cydopropyKI ,3,5]tria2in-2-yl)-3R,5S-dimethyl-pipera2irv1 -yl^^ 
1 R-{4.[4-(4-ethyl-6-methoxy-[1 ,3.5]triaan-2-yI}-3R.5S-dimethyl-pipera2in-1-yO- 
pyrimidin-2-yl}-ethanol; 1 R44-[4-(4,6-dimethyl-pyrirnidin-2-yl)-2R,6S-dlmethyl- 
piperazin-1-yI]- pyrimidin-2-yI}-ethanol; 1R44-I4-{4-hydroxymethyl-6-methyl-pyrin^^ 

25 2-yl)-2R,6S-dimethyl-piperazin-1-ylJ-pyrimidin-2-^ 1 R-{4-PR,eS-dimethyW- 
(4-[1 ,2.4]triazol-1-yl-pyrimidln-2-yl)-pipera^-1-yI]-^ ^R-iA^A- 
(2, WimeihyH)yrimidin-4-yl)-2Rt6S-dimethyl-plpe^ -yl]-pyrimidin-2-yl}-ethanol; 
1 R-(4-{4-[2^i R-hydroxy-€thyl}-pyrimidin-4-yn-2R,6S^imethyl-piperazin-1 -y^^ 
pyrimldin-2-yl}-ethanot; 1 R-{4-[4-{2-hydroxymethyl-€HTiethyl-pyrimidirh4-ylV^ 

30 dimethyl-piperaarhl -yI]-pyrimidin-2-yI}-ethanol; 1 R-(4-{4-[2-(1 S-hydroxy-ethyl)- 

pyrimidin^yO-2R,6S-dimethyi-pipera2in-1-yI}i3yrimidin-2-y^ 1 S-{4-{4-[2-(1 R- 

hydroxy-^thyl}-pyrimidin-4-yO-2R,6S-dimethyl-pipera2irv 

-I -{4.[4.(2.ac8tyl-py rimidin-4-yl)-2R,6S-dimethyl-pipera2in-1 -yO-p^ 
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ethanone;1RS-(M442KlRS.hydroxy-elhyl).pyrimidirv4.yO-2R,eS 
1.y|}-pyrimidin.2-yI)-ethanol; (4-{4-I2-(1 R4iydroxy^thyl)-pyrimldin^yl]-3R,5S- 
dlmethyl-pipera2in-1-ylHvrinTldirh2-^ 1 R-{4-[2R,6S-dimethyl-4-{2- 

rT»n5holirv4-yl-pyrimidin^yl)-piperazirv1-yl]-pyrimidin-2-ylH ^ R-(4-{2R,6S- 

5 dimethyl-H2-{4-methyl-piperazin-1 -yl)-pyrimidin-4-yG-piperazin-1 -yl}-pyrimidin-2-y I)- 
ethanol; 1R44-[2R,6S<lim8thyW-(2^1,2,4]tria20l-1-yli3yrimidin-^^^ 
pyrimidin-2-yl}-ethanol; 1 R-(4-{4.I2-(1 R-hydroxy-ethy!)-pyrimidin^yI]-2R,6R-dimethyl- 
piperazin-1-yl>pyrimidirv2-yl)^thanoI;1R-{4K4-[2K4-emyl-pipei^ 
yl]-2R,6S-dlmethyt-piperazin-1 -yI}-pyrimidin-2-yI)-ethanol; 1 R-(4-{2R,6S-dimethyW-[2- 

1 0 (4-methyl-imidazol-1 -yI)-pyrimidin-4-yl]-pipera2in-1 -yl}-pyrimidln-2-yl)-ethanol; 1 R-{4. 
[4-(4-cydopropyl-{1.3,5]triazii>2-ylV2R,6S-dimethyl-p^ 

ethanol; 1 R-{4-[4^4.6-dimethyl-[1 ,3,5]triaan-2-yl)-2R.6S-dimethyl-pipera2in-1.yl]. 
pyrimidin-2-yl}-ethanot; 1 R^4-[4-{4-hydro)cymethyl-6-phenyK1 ,3,5]tria2in-2-yl)-2R,6S- 
dimethyl-piperazin-l -yl]-pyrimidin-2-yl}-ethanol; 1 R-(4-[4-{4-methoxy-6- 

1 5 methoxymethyKI ,3,5]triazin-2-yl}-2R.6S-dimethyl-pipera2in-1 -yQ-pyrimidin-2-yl}- 
ethanol; 1 R-{4.[2R,6S-dimethy!^(4.methyK1 ,3,5]tria2in-2-yi>-pipera2in.1 -yl]. 
pyrimidin-2-yl-ethanol; 1 R-^4^4^2•<2,4-dimethyMmida^ 
dimethyl-pipera2in-1 -yI}-pyrimidin-2-yl)-ethanol; 1R-{4-[2R.6S-dimethyl-4-{4- 
morpholin-4-yl-[1 ,3,5]triazin-2-ytH)iperazin-1 -yl]-pyrirnidln.2-yl}-ethanol; 1 R^4-[4-(4- 

20 methoxy-6-methyK1 ,3,5]tria2in-2-yl}-2R.6S-dimethyl-pipera2in-1 -yO-pyrimidin-2-yI}- 
ethanol; 1 RK4H4-{4,6-dimetho)cy-t1 ,3,5Itria2in-2-yl)-2R,6S<limethy|.piperazin.1-yl]- 
pyrimidin-2-yl}-ethanol; 1R-(4.[4-(4-methoxyrnethyl-6-phenyl-[1 .3,5]triazin-2-y!)- 
2R,6S-dimethyl-piperazin-1 -yQ-pyrimidin-2-yl}-Bthanol; 1 R-{4-[2R,6S-<limethyi-4-(4- 
phenyKI ,3,qtria2in-2-yl)-piperazin-1-yO-pyrirnidin-2-yl}-ethanol; 1 R^4-[4-{4- 

25 hydroxymethyl-6-methyl-pyrirTtidin-2-yl)-3S-methyf-piperazi 

ethanol; 1 R-{4-[4-{2-hydroxymethyl-pyrimidin-4-yI)-3S-methyliDipera2in-1 -yl> 
pyrimidin-2-yl>ethanol; 1 R-{4-[4-(2-hydroxymethyl-6-methyl-pyrimidin-4-yl)-3S- 
methyl-piperazin-1-yO-py-rimldin-2-yl}-ethanol; 1 R-[4-(3S-methyi-4-oxa201o[5,4- 
b]pyridin-2-yI-piperazin-1 -yiH3yTimidin-2-yO-Bthanot; 1 R-[4-(3S-methyl-4-oxazolo[4,5- 

30 b]pyridin-2-yl-pipera2in-1 -yl)-pyrimidin-2-yI]-ethanol; 1 R-[4-(3S-methyl-4-quinaxalln-2- 
y|.piperazin-1-yl)-pyrimidin-2-yO-ethanoI; (4^4-{2-<1R-^ydro)cy-ethyl)-pyrimidln-4-ylI- 
2R,5SKlimethyl-piperazin-1-yl}-pyrimidin-2-yl)-e^^ 1 S-(4-{4-l2-{1 R4Tydroxy-ethyl)- 
pyrimldin^yl].2R,6S^imethyl-pipera2in-1-yI^pyrimidln-^^^^ 1R-(4-{4-I2-(1R- 



wo 00/59510 



PCT/IBOO/00296 



•283- 



hydroxy-^thyl^pyrimidin-4-yO-2R-methyl-piperazin-1-ylhpyrim H4- 

[4^2-acetyl-py^imidirv4-yl)•2R^6S*-<^imBthyl-^ 

or H-4-{4-{2-(1 R-+iydroxy-«myI)-pyrlmldin-4-yO-2R,6S-dlm8thyIi3iperaa 

pyrimidin-2-yl)-ethanone. 

1 6. A compound of dalm 1 2, a prodaig thereof or a phanraceutically 
acceptable salt of said compound or said prodrug wherein; 

is (R)-1-hydroxy-ethyl; and 
R*is 



17. The compound of dalm 1 6. a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: R® is 2-furo[3.2-c]pyridyl. 

18. A compound of dalm 12. a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: 

R^ is (R)-1-hydroxy-ethyl; and 
R'is 



19. The compound of daim 1 8, a prodrug thereof or a phamnaceutically 
acceptable salt of said compound or said prodmg wherein: R® is 3-pyridyl; 3-{2- 
methylpyridyi); 3-{5-chloropyridyl); or 3-(6-methylpyridyI). 

20. A compound of daim 12, a prodmg thereof or a pharmaceutically 
acceptable salt of said compound or said prodmg wherein: 

R* is (R)-14Tydroxy-ethyl; and 
R*ls 
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21 . The compound of compound of claim 20. a prodmg thereof or a 
phamiaceuticany acceptable salt of said compound or said prodmg wherein: Is 2- 
thlenyl. 

22. A compound of claim 1 2, a prodmg thereof or a phamiaceutically 
acceptable salt of said compound or said prodmg wherein: 

is (RhVhydroxy-ethyl; 
R^is 




10 R» is pyrimidyl or triazinyl; said pyrimidyl or triazinyi Is optionally substituted with up to 
two hydroxy, (C^-COalkyl. (Ca-C7)cycloalkyl. (CrC4)alkoxy. hydroxyKC,.C4)a!kyl, (C,- 
C4)alkoxy.(CrC4)a!lcylenyl, phenyl, piperazinyl optionally substituted with (C,.C4)aIkyl, 
or Imidazolyl optionally substituted with up to two (CrC4)alkyl. 

" 23. A compound of claim 22. a prodmg thereof or a pharmaceutically 

15 acceptable salt of said compound or said prodmg wherein: R® is pyrimid-2-yl 
optionaliy substituted with up to two (CrC4)alkyl, hydroxy.{CrC-4)aIky! or (Cr 
C4)alkoxy.(CrC4)aIkyl. 

24. The compound of daim 23. a prodmg thereof or a phamiaceutically 
acceptable sail of said compound or said prodmg wherein: R* is 4,6-dimethylpyrimid. 

20 2-yl; 4-methoxymethyI-6-methylpyrimld-2-yl; or 4-hydroxymethy|.6-methylpyrimid-2-yl. 

25. A compound of claim 22. a prodmg hereof or a pharmaceutically 
acceptable salt of said compound or said prodmg wherein: R" Is pyrimi*4.yl 
optionally substituted with up to two (C,-C4)allcylpipera2dn-1-yl or imidazolyl; and said 
imidazolyl is optionally substituted wHh up to two (Cf C4)alkyL 
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26. The compound of claim 25, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: R" is 2-(4. 
methylpipera2in-1 -yl)-pyrimid-4-yl; 2-(4-ettiylpipera2in-1-yl)- pyrimld-4.yl; 2-(4- 
methyiimldazoH-yl)- pyrimid-4-yl; 2-(2Hmethyllmlda2oH-yl)- pyrimid-4-yl; 2-(2.4- 

5 dimethyllmida20l-1-yl)- pyrimid-4-yl; or 2-{4-isopropylpipera2in-1-yl)i3yrimid-4-yl. 

27, A compound of daim 22, a prodmg thereof or a phamTaceutically 
acceptable salt of said compound or said prodrug wherein: R* is [1 ,3,5]-triazin-2-yl 
opfionally substituted with up to two (CrC4)alkyI. (C,-C4)alkoxy, hydroxy-(CrC4)allcyi. 
(C,-C4)alkylplperazin-1-yl or phenyl. 

^0 28. The compound of daim 27. a prodrug thereof or a phannaceutically 

acceptable salt of said compound or said prodmg wherein: R" Is 4-methyl-6-(4- 
methylpipera2in-1-ylH1 ,3,5]-tria2in-2-yl; 4-methoxy-6-methyK1.3,5]-tria2in-2-yl; 4,6- 
dimethyo)cy-[1.3,5>triazin-2-yl: 4-ethoxy-6-methyl-[1.3.5I-triazin-2-yl; 4-isopropoxy-6- 
methyl-[1,3,5]-triazin-2-yl; 4-phenyl-[1.3.5]-tria2in-2-yl; 4-hydroxymethyl-6-methoxy- 

1 5 n ,3,51-tria2in-2-yl; 4-isopropoxy-6-methoxy-I1 ,3.5]-triazin-2-yl; 4-isopropyl-[1 ,3,5]- 
triazin-2-y!; 4-ethyl-6-methoxy-{1,3,5]-tria2ln-2-yl; 4-cydopropyl-[1.3,5]-triazin-2-yl; 4,6- 
dimethyl-[1 ,3,5]-tria2in-2-yl; or 4-methyl-6-phenyK1 ,3,5]-tria2in-2-yl. 

29. A compound of daim 1 2, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: 

20 RMs (R)-l-hydroxy-ethyt; 
R^ls 

r 

Me^y Me 

' ;and 

R** is pyrimidyi or triazinyl, said pyrimldyl and triazinyl optionally substituted with L-p to 
two hydroxy, (Ci-C4)alky!. {Ca-C7)cydoalkyl, (CrC4)alkpxy, hydraxy-(C,-C4)alkyl. (Cr 
25 C4>alkoxy-(CrC4)allcyl, triazolyl, acetyl, morphoHnyl. (Ct-C4)alkylpiperazinyl. phenyl or 
intidazolyl optionally subsfltuted with up to two {Ci-C4)alkyl. 

30, A compound of daim 29. a pnDdmg thereof or a phannaceutically 
acceptable salt of said compound or said prodmg wherein: R® is pyrimid-2-yl 
optionally substituted with up to two {CrC4)alkyl, hydroxy-{CrC4)alkyi or triazolyl. 
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31 . The compound of claim 30. a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: R' is 4.6-dlmethyl-pyrimid- 
2-yt; 4-hydroxym9thyl-6-methylpyrimid.2-yl: or4-{1,2.4]-tria2ol-1-yl-pyrimid-2-yl. 

32. A compound of claim 29, a prodrug thereof or a phamraceutically 
5 acceptable salt of said compound or said prodnig wherein: R* is pyrimid-4-yl 

optionally substituted with up to two (C,-C4)alkyl. hydroxy-{C,-C4)alkyl, acetyl, 
morphoiinyl, (C,-C4)allcylpiperaztnyl, triazolyl or imidazolyl optionally substituted with 

up to two (C,-C4)alkyl- 

33. The compound of claim 32. a prodnjg thereof or a pharmaceutically 

1 0 acceptable salt of said compound or said prodrug wherein: R' is 2,6-dimethyI-pyTimid- 
4-yl; 2-hydroxymethyl-6-methyl-pyrimid-4-yl; 2-acetyi-pyrimid-4-yl; 2-morphol!n-4-yl- 
pyrimid-4-yl; 2-(4-methylpiperazin-1-yl)-pyrimid-t-yl; 2-[1.2.4]-triazo|.1-yl-pyrimid-4-yl; 
2-(1S-hydroxyethyl)-pyrimid-4-yl;2-(1R-hydroxyethyl)-pyiimid-4-yl:2-(4- • 
ethylplperazjn-1-yl)-pyrimid-4-yl; 2-{4-methylimida2oH-yl)-pyrimid-4-yl; or2-{i4- 

15 dimethylintidazol-1-ylH>yrirrtd-4-yl. 

34. A compound of claim 1 2 wherein 
R' Is (R)-1-hydroxyethy!; R* is 




R' is 2-(1R-hydroxyethyl-pyrimid^yl. a prodrug thereof or a pharmaceutically 

20 acceptable salt of said compound or said prodrug. 

35. A compound of daim 29, a prodmg thereof or a-pharmaceutically 
acceptable salt of said compound or said prodrug, wherein R' is [1,3,5]-triazin-2-yl 
optionally substituted wrttti up to two hydroxy, (C,-C4)alkyl. (es-C7)c>-o!oal!c/., hydroxy- 
(C,-C4)alkyl. (C,-C4)alkoxy-(C,.C4)allcyl. (CrC4)aIkoxy. morphoflnyl or phenyl. 

25 ' 36. The compound of daim 35, a prodrug ttiereof or a phanmaceuBcally 
acceptable salt of said compound or said prodmg wherein: R* is 4-morphorin-4-yl- 
t1,3,5]-triadn-2-^; 4-methoxy-6-methyl-[1,3,5]-triazin-2-yi; 4.6-dimethoxy-[1,3.5l- 
triazjn-2-yl; 4-phenyl-[1 ,3,5]-triazin-2-yl; 4-cydopropyl-l1 .3,51-triazln-2-yl; 4.S-dlmetiiyl- 
[1.3.5]-tr1azln-2-yl; 4-hydroxymethyl-6-phenyl-[1,3,5J-triazin-2-yi; 4-metiioxy-6- 
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10 



15 



methoxymethy!-[1,3,5]-tria2in.2.yi: 4-methyK1.3,5].tria2in.2.yi: or 4^ethoxymethyl.6. 
phenyKI »3.5]triazin-2-yl. 

37. A compound of claim 1 2, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: 

is (R)-1-hydroxy-^thyl; 
R'is 



R® is pyrimidyl, quinoxalyl or oxazolopyridyl optionally substituted with up to two (Cr 
C4)alkyl, (CrC4)all<oxy or hydroxy-(CrC4)alkyl. 

38. The compound of claim 37. a prodajg thereof or a phamriaceuticaliy 
acceptable salt of said compound or said prodmg wherein: R° is 4-hydrQxymethy|.6- 
methyl-pyrimid.2-yl; 2-hydroxymethyl-pyrimid-4-yl; 2-hydroxymethyI.6-methyl-pyrimid- 
4-yl; 2-(oxa20lo[5,4-b]pyridyl; or 2-(oxa20lo[4,5-blpyrldyl; 2-quinoxalyl. 

39. A compound of daim 1 2. a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: 
R^ls(R}-1-hydroxy-ethyt; 

R'is 



R* Is pyrimidyl optionally substituted with up to two (Ci-C4)alkyl. (CrC4)alkoxy, 
hydroxy-(CrC4)alkyl. 

40. The compound of daim 39, a prodaig thereof or a pharmaceutically 
acceptable salt of said compound or said prodmg wherein: R* Is 2-(1R-hydroxyethyl)- 
pyrimid-4^1.. 




;and 




;and 
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'41 . A compound of daim 12, a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug wherein: 

is (R)-1-hydroxy-ethyl; 
R'ls 

Me.. 



N Me 

5 ' ; and 

R" is pyrimidyl optionally substituted with up to two (C,-C4)alkyl. {C,-C4)alko)Qr, 
hydroxy-(C,-C4)alkyI. 

4Z TTie compound of daim 41 . a prodmg thereof or a pharmaceutically 
acceptable salt of said compound or said prodnjg wherein: R' is 2-{1R-hydroxyethyI)- 
10 pyrimid-4-yL 

43. A compound of daim 12, a prodmg thereof or a pharmaceutically 
acceptable salt of said compound or said prodmg wherein: 
R^ is (S)-1-hydroxy-ethyl; 
R'is 



Me*^ N Me 
15 ; and 

R' is pyrimidyl optionally substituted with up to two (CrC4)alkyI, (C,-C4)alkoxy or 
hydroxy-(C,-C4)alkyl. 

44. The compound of daim 43, a prodmg thereof or a pharmaceutically 
acceptable salt of said compound or said prodmg wherein: R° is 2-(1 R-hydroxy-ethyl)- 

20 pyrimid-4-yl. 

45. A compound of daim 12, a prodmg thereof or a pharmaceutically 
acceptable salt of said compound or said prodmg wherein: 

R^ is acetyl; 
R'ls 
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is pyrimidyl optionally subsfituted vrfth up to iwo (Ci-C4)alkyl, (C.-C^alkoxy, acetyl 
or hydroxy-(C,-C4)alkyL 

46. The compound of daim 45, a prodmg thereof or a pharmaceutically 

5 acceptable salt of said compound or said prodrug wherein: R® is 2-acetyl-pyrimid-4-yl; 
or 

2-(1 R-hydroxyethyl)-pyrimid-4-yI. 

47. A pharmaceutical composition comprising a compound of daim 1, a 
prodmg thereof or a phamiaceutically acceptable salt of said compound or said 

1 0 prodnjg and a phamiaceutically acceptable carrier or diluent 

48. A method of inhibiting sorbitol dehydrogenase in a mammal in need of 
such inhibition comprising administering to said mammal a sortltol dehydrogenase 
Inhibiting amount of a compound of daim 1 , a prodmg thereof or a phamiaceutically 
acceptable salt of said compound or said prodmg. 

15 49. A n^thod of treating diabetes in a mammal suffering from diabetes 

comprising administering to said mammal an effective amount of a compound of daim 
1 , a prodmg thereof or a pharmaceuticaliy acceptable salt of said compound or said 
prodmg. 

50. A method of treating or preventing diabetic compiications in a mamma! 
20 comprising administering to said mammal an effective amount of a compound of daim 

1, a prodmg thereof or a pharmaceutically acceptable salt of said compound or said 
prodmg. 

51 . A pharmaceuticai composition comprising a compound of daim 1 , a 
prodmg thereof or a pharmaceutically acceptable salt of said compound or said 

25 prodmg and an aldose reductase inhibitor, a prodmg thereof or a pharmaceutically 
acceptable salt of said aldose reductase Inhibitor or said prodmg. 

52. A method of treating diabetes in a mammal suffering from diabetes 
comprising administering to said mammal an effective amount of a compound of daim 
1, a prodmg thereof or a phamiaceutically acceptable salt of said compound or said 
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prodrug and an aldose reductase inhibitor, a prodnjg of said aldose reductase 
inhibitor or a phannaceuticaliy acceptable salt of said aldose reductase InhibKor or 
said prodrug. 

53. A method of treating or preventing diabetic complications in a mammal 
5 comprising administering to said mammal an effective amount of a compound of claim 
1 . a prodmg thereof or a phamiaceutically acceptable of said compound or said 
plodnjg and an aldose reductase inhibitor, a prodmg of said aldose reductase 
Inhibitor or a pharmaceuticaily acceptable salt of said aldose reductase inhibitor or 
said prodrug tliereof. 

Q 54. A phamiaceuticat composition comprising a compound of daim 1 , a 

prodmg thereof or a phamiaceuticalty acceptable salt of said compound or said 
prodnjg and a sodium hydrogen ion exchange (NHE-1) inhibitor, a prodmg of said 
NHE-t inhibitor or a phannaceuticaliy acceptable salt of said NHE-1 inhibitor or said 
prodmg thereof. 

^5 55. A method of treating or preventing diabetic complications In a mammal 

comprising administering to said mammal an effective amount of a compound of daim 
1, a prodmg thereof or a pharniaceuticaBy acceptable salt of said compound or said 
prodmg and a sodium hydrogen ion exchange (NHE-1) inhibitor, a prodmg of said 
NHE-1 Inhibitor or a phannaceuticaliy acceptable salt of said NHE-1 inhibitor or said 

20 prodmg. 

56. A method of treating diabetes in a mammal suffering from diabetes 
comprising administering to said mammal an effective amount of a compound of daim 
1 , a prodmg thereof or a phamiaceuticaily acceptable salt of said compound or said 
prodmg. and a sodium hydrogen ion exdiange (NHE-1) inhibitor, a prodmg of said 

25 NHE-1 inhibitor or a phannaceuticaliy acceptable salt of said NHE-1 Inhibitor or said 
prodmg. 

57. A method of inhibiting sortiltol dehydrogenase in a mammal in need 
thereof comprising administering to said mammal a phamnaceuUcal composition of 
daim 47. 

3Q 58. A method of treating ischemia In a mammal suffering from ischemia 

comprising administering to said mammal a phannaceutical composition of daim 54. 

59. A method of treating or preventing diabetic complications In a mammal 
comprising administering to said mammal a phannaceutioal composition of daim 47. 
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60. A compound of dalm 1 , a prodrug thereof or a pharmaceutically 
acceptable salt of said compound or said prodrug, wherein: 

Is C(OH)R^R\ where R* and R' are each independently hydrogen or methyl; 
R' is hydrogen; 



5 R»ls 





,43 




or 



wherein said piperazinyl R* is substituted by R*. R^ or R*; 



G, and G^ are taken separately and are each hydrogen and R* is hydrogen or (C^ 
C4)all€yl; and R" are each independently hydrogen or (C,-C4)allvl; or 
10 G and G^ are taken together and are (CrC3)alkylene and R^, R^, R* and G^ are 
hydrogen; or 

G^ and G^ are taken together and are (Ct-Ca)alkylene and R^ R^, R* and G are 

hydrogen; 
q is Oor1; 

15 X is a covalent bond, oxycarbonyl.vinyienyicarbonyl, oxy{Ci-C4)aIkylenylcarbonyl. 
thio(Ci-C4)a!kylenylcarbonyl orvinylenylsulfonyl; said vinylenylcarbonyi and said 
vinylenylsulfonyl in the definition of X are optionally substituted on one or two vinylenyl 
cartons with (Ci-C4)alkyl, benzyl or An said oxy(CrC4)alkylenylcari3onyi and said 
thio(CrC4)aIkylenylcarbonyl in the definition of X are optionally substituted with up to 

20 two (CrC4)alky!, benzyl or-An 

R" is (C3-C7)cydoalkyl, ArMCo*C4)alkyienyl or (Ct-CQ)alkyl optionally substituted with 
up to five fluoro; 

Ar^ is phenyl, naphthyi. pyridy!, pyrimidyl, pyrazinyl. pyrldazinyl, triazinyi. quinolyl, 
isoquinolyl, quinazolyl, quinoxalyl, phthalazinyl, dnnolinyl. naphthyridinyl, pteridinyl, 
25 pyrazinopyrazinyl, pyrazinopyridazinyl, pyrimidopyridazinyl, pyrimidopyrimidyl, 

pyridopyrimidyl, pyridopyrazinyl, pyridopyridazinyl, pyrrolyl, furanyi. thienyl, imidazolyl, 
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oxazolyl, thiazolyl. pyrazolyl. isoxazolyl. isothiazolyl. triazolyl. oxadiazolyl. thiadiazolyl. 

tetrazolyl, indolyl, benzofuranyl, benzothienyl. benzimidazolyl. benzoxazolyl, 

benzothiazolyl. indazolyl. benzisoxazolyl. benzisothiazoiyl. pymjlopyridyl. furopyridyl. 

thienopyridyl, imidazolopyridyl, oxazolopyridyl, thiazolopyridyl. pyrazolopyridyt. 
5 isoxazolopyridyl, isothiazolopyridyl. pyrrolopyrimidyl, furopyrimldyl. thienopyrimldyl. 

imidazolopyrimidyl. oxazolopyrimidyl, thlazotopyrimidyl, pyrazolopyrimidyl, 

Isoxazolopyrimidyl. Isothlazolopyrimid^, pynolopyrazinyl. furopyrazinyl, 

ttiienopyrazinyl, irridazolopyrazinyl, oxazolopyrazinyl. thiazolopyrazinyl. 

pyrazolopyrazinyl. isoxazolopyrazinyl, isothiazolopyrazinyl, pyrrolopyridazinyl, 
10 furopyridazinyl, thienopyridazinyl. imidazolopyridazinyl. oxazolopyridazinyl. 

thiazolopyridazinyl, pyrazolopyridainyl, isoxazolopyridaanyl or isothiazoiopyridazinyl; 

and 

said At' is optionally substituted as set forth above: 
kis0.1.2.3or4; 
15 is a covaient bond, carbonyl, sulfonyl or oxycarbonyl; 

R« is (C^C7)cycloall<yl. Ai'-{Co-C«)alkylenyl, NR«R« or (C,-C,)alkyl optionally 
substituted with one to five fluoro; provided that when V is a covaient bond or 
oxycarbonyl. then R*" is not NR"R"; 

R*^ and R* are talcen separately and are each independently selected from hydrogen, 

20 V, (CrCe)alkyl and Ar»KCo-C4)aB<ylenyl; or 

R*^ and R** are taken together with the nltnagen atom to which they are attached to 
form azefidinyi. pymDlidinyt, piperidinyl, piperazinyl, morpholinyl, azepinyl. 
azabicydo[3.2^]nonanyl, azabicydo[2^1]heptyl, 1.2,3.4.tetrahydroisoquinolyl, 6.7- 
dihydro-5H-dibenzolc.e]azepinyi or 5.6,7,8-t6trahydropyr1doI4,3Hflpyriniidyl; said 

25 azetidinyi in the definition of R*' and R* are optionaliy substituted with one hydroxy, 
amino, hydroxy-(CrC,)alkyl. (C,-C4)alkoxy-(CrC4)all«yl. (C,-C4)alkyl optionally 
subststuted with-up to-five-fluoro or (C,-C«)alkoxy optionally substituted wrtth up to 
fluonj; said-pyntjiidinyi. piperidinyl and azepinyl in the definition of R" and R** are 
optionally substituted with up to two hydroxy, amino, hydroxy-{C,-C4)alkyl, (C,- 

30 C«)alkoxy-(CrC4)alkyl, (C,-C«)alkyl optionally substituted with up to five fluoro or (C,- 
C4)alkoxy optionally substituted with up to five fluoro; said morpholinyl in the definifion 
of R*^ and'R*' is optionaliy substituted with up to two substituents independently 
selected from hydroxy-(CrC4)alkyl, (CrC4)alkoxy-{CrC4)alkyl. (CrC4)alkyl optionally 
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substltuted with up to five fluorb and (CrC4)alkoxy optionally substituted with up to five 
fluoro; said piperazinyl, 1 ,2,3.4-tetrahydroisoquinoiyl and 5,6,7.B-tetrahydro[4,3- 
d]pyrimidyl in the definition of R'^and R*^ are optionally substituted with up to three 
hydroxy, amino, halo, hydroxy-(C,-C4)alkyl, (CrC4)alkoxy-(CrC4)alkyl. {CrC4)alkyl 
5 optionally substituted with up to five fluoro or (Ci-C4)alkoxy optionally substituted with 
up to five fluoro; and said 6,7-dlhydrD-5H-diben20[c,e]azepinyl in the definition of R*^ 
and are optionally substituted with up to four hydroxy, amino, halo. hydro)cy-{C;- 
C4)alkyl, (C,-C4)alkoxy-(CrC4)alky!. (Ct-C4)alkyl optionally substituted with up to five 
fluoro or (Ci-C4)alkoxy optionally substituted with up to five fluoro; 
10 Ar^ is independently defined as set forth for Ar and Ar^ above; 

Ar^ is optionally Independentiy substituted as set fbrtti for Ar and Ar^ above. 

61. A compound selected from: 
1 R-(4-{1 42-(1 R-hydroxy-ethyI>-pyrimidin-4-yI]-{4.4']bipiperidinyH -yl}-pyrimidin-2-yl)- 
ettianol; 

1 5 furo[3,2-c]pyridin-2-yK4-{2-(1 R-hydroxy-ethyl)-pyrimldin'4-yl]-3R,5SHdimethyl- 
piperazin-l -yl}-metiianone; 

(4-chlorT>-furo[3.2-c]pyridin-2-ylH4-[2-(1R«^ydroxy««tiiyl)-pyTi 
dimethyl-pipera2in-1-yl}-meflianone; 

{4-[2-{1 R-hydro)(y-ethyl)-pyriniidln-4-yO-3R,5S-dimettiyl-pipera^ -yl}-(4-pymDiidin-1- 
20 yl-furo[3,2-c]pyridin-2-yl)-metiianone; 

{4-[2-(1R-hydroxy-ethyl^pyrimidin-4-yll-3R.5S-dimethyl-pipera2in-1-yH 
4-yl-furo[3,2-c]pyridin-2-yi)-methanone; 

{4-t2-(1R-hydroxy-ethyl)-pyrimidin-4-yI]-3R.5SKlimetiiyl-piperazin-1-yl>imid 
a]pyridin-2-yUmethanone; 
25 furo[3.2-c]pyridin-2-yl-{4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yG-2R.6S-dimethyl- 
piperazirhl -yI}-metiianone; 
■ 4-I2-(TR-nydroxyHBmyl)-pyrimidin-4-y^^ add 
pyridin-3-yl ester, 

4-[2-(1R-hydroxy-ethyi)-pyrinriidin-4-yI]-2R,6S-dimetiiyl-piperazine-1-c^ add 2- 

30 methyl-pyridln-3-yl ester; 

4- {2-(1R-hydroxy-eOiyl)-pyrimidin-4-yl]-2R,6S-dimetiiyl-pipera2lne-1- carboxylic add 

5- chloro-pyridin-3-yl ester; 
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4^2-(1R-hydroxy-ethy!)-pyrimidln-4-yl]-2R.6S-dimethyli)iper^ add 6- 

methyl-pyridin-3-yl esten 

(E)-H4-[2-(1R-hydroxy-ethyl}-pyrimidin-4-yQ-2R,SSKJimethyl-pi 

thiophen-2-yl-propenone; 
5 iR-(4-{4-(4.6-dimemyl-pyrimidiiv2-yl>3R,5S<limethy^ 

ethanol; 

1 R^444-(4-methoxymBthyl-6-methyiijyrimidin-2-yI^ -yQ- 
pyrimidin-2-yl}-ethanol; 

1R-(4^4K4-hydraxymethyl-6-methyl-pyrimidirh2.yI}-3R.5S-dim 

10 pyrimidin-2-yf}-ethanol; 

1R.(4-{3R,5SHdimethyl-4.[2-{4-methyl-pipera2in-1-yl)-pyrimidi 

pyrimidin-2-yl)-ethanol; 

1 R^4-{4-[2-(4-ethyl-pipera2in-1 -yl)-pyrimidin-4-yl]-3R.5S-dimethyI-piperazin-1-yl)- 
pyrimidin-2-yi)-ethanol; 
15 1R.{4H3R,5S-dimethyl-4-[2-(4-memyHmidazo|.1-yl)-pyrimidin-4^^ 
pyrimidin-2-yl)-ethanol; 

1R^4^3R,5S-dimethyl-4.[2-{2-methyl-imidazol-1-yI)-pyri 
pyrimidin-2.brt)-ethanol; 

1R.(4^4.j2K2.4-dimethyl-irnidazol-1.ylH>yrimidin-4-yO-^ 
20 pyrimidin-2-yI)-ethanol; 

1 R-(4-{4-[2-{4-isopropyi-pipera2in-1 -yl)-pyrimidin-4-yl]-3R,5S-dimethyl-piperazin-1 -yl}- 
pyrimidin-2-y!)-ethanol; 

1 R^4-{3R.5S-dimethyl-4-t4-methyl-6-(4-methyl-piperazin-1 -ylH1 .3,5]tria2in-2-yI]- 
piperazin-l -yI}-pyrimidin-2-yl)-ethanol; 
25 1 R-(4-[4-{4-methoxy-6-methyK1 .3,5]triaan-2-yl)-3R,5S.dimethyl-piperazin-1.yl]. 
pyrimidin-2-yI}-ethanol; 
— 1 R-{4.[4-{4,6-<limethoxy-[1 ,3.5]triazin-2-yl)-3R.5S-dimethyl-piperazin-1 -yl]-pyrimidin-2. 
yl}-ethanol; - 

1 R-[4-{4-{4-ethoxy-6HmethyK1 ,3.5]tria2in-2-yI)-3R,5S-dimethyl-piperazin-1 -yl]- 
30 pyrimidin-2-yl}-ethanol; 

1 R^4-[4-{4-tsopropoxy-6-methyKl .3,5]tria2in-2-yl)-3R,5S-dimethyl-piperazin-1.yl]- 
pyrinnidin-2-yl}-ethanol; 
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1 R^4-[3R,5S-dimethyl-4-(4.phenyK1 .3,5]triazin-2-yl}-pipBra2in-1 -yQ-pyrimldin-2-yl}- 
ethanol; 

1 R^4^4K4-hydroxymelhyl-6-methoxy-[1 ,3,5]triazin-2-yl)-3R,5S-dimethyl-pipera2in-1- 
yl]-pyrinrudin-2-yl}-ethanol; 

1 R^4-I4-{4-isopropoxy-6-methoxy-I1 ,3,5}tria2in.2-yl)-3R,5S-dimethyl-piperazin-1 -yl]- 
pyrinnidin-2-yl}-ethanol: 

1 R^4^;4-(4-isopropyl^1 ,3,5]tria2in-2-yl}-3R,5S-dimethyl-piperaa 
ethanol; 

1R^4H4K4-ethyl-6.methoxy-I1.3,5]triazirh2-yl)-3R,5S-d'm^ 
pyrimidln-2-yl}-ethanol; 

1R^4-[4-(4,6-dime%l-pyrimidin-2-yl)-2R.6S-dimethyM^^ pyrimidin-2-yl)- 
ethanol; 

'IR^4-[4-{4-hydroxymethyt-6-me%l-pyrimidirh2-yl}-2R,6S-di 
pyrimidin-2-yl}-ethanol; 

1 R.{4-[2R,6S-dimethyl-4^4-I1 .2,4]triazol-1-yli>yrimidin-2-yl^piperazin-1-yIl-pyrin^^^ 
2-yl}-ethano!; 

1R-{4-t4-(23-dimethyl-pyrimldin^yl)-2R3S-dimethyl-pipei^ 
ethanol; 

1 R.{4-{4-[2-(1 R-hydroxy-ethyl)-pyrimidin-4-yfl-2R,6S-dlmethyl-pipera2in-1 -yl}- 
pyrimidin-2-yl}-ethanol; 

-I R-{4-[4-(2-hydroxymethyl-6-methyl-pyrimidin-4-yl)-2R,6SHjimethyl-pipera -yO- 
pyrimidin-2-yl}-€thanol; 

-1 R.(4^4-[2-(1 S-hydroxy-ethyl)-pyrimidin-4-yQ-2R,6S-dimethyl-pipera2in-1 -yl}- 
pyrimidin-2-yl)-ethanol; 

1 S-(4-{4-[2-{1 R^ydroxy-ethyI)-pyrimidin-4-yO-2R,6S-dimethyl-piperazin-1-^ 
pyrintidin-2-yl)-ethanol; 

1,{4-[4-<2-^cetyl-pyrimidin-4-yl)-2R,6S-dimethyl-piperazin-1-yI]^^ 
ethanone; . 

1 RS^4-^4-[2K1 RS4Tydra)cy-ethyl)-pyrimidin-4-yQ-2R,6S-dim 
pyrimidin-2-yl}-ethanol; 

(4^4-[2-(1R-hydroxy-ethyl)-pyrimidin-4-yO-3R,5S-dirnethyl-piper^ 
yl)-ethanohe; 
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lRH4-t2R.6S-dlmemyl-4-{2-iTK)rpholin^.yHjyrimidin-4-yl)-pipBrazin-1-ylhpyrimi 
yl}-ethanol; 

1R^4^2R.6S-dirnethyl-H2K4wTiethyl-pipera2in-1.yl)-pyrimidii^^ 
pyTlmldin-2-yl)-ethanol: 

1RK4^2R.6S-dimethyl-*-(2^1.2.4]triazol-l-yli3yrimldln-4-ylH)iperazin^ 
2-yl}-ettianol; 

1R^4^4^2K1R-4iydroxy-ethyl)-pyrimIdln-4-ylh2R,6R-din»thyl-piperazin-1-yl)- 
pyrimidin-2-yl)-ethanol; 

1R^4^4-[2-{4^thyI-piperazin-1-yt)-pyrimidin-4-yl>2R.6S-dimethy!-pip^ 
pyrimidin-2-yl)-ethanoI; 

1R^4-{2R,6S-dimethyl-4-[2K4-m8thyWmidazol-1-yihpyrimidin-4.yO-pipera2in.1-^^ 
pyrimidin-2-yl)-ethanol; 

1R^4^4^2-(2.4Klimethyi^mldazo^1.yIH>yrimidir>4-yl^2R,6SK^imethyl^^^^ 
pyi1mtdin-2-yl)-ethanol: 

1RK4-[2R,6S-dimethyl-4-{4<norphoiin-4-yK1.3,5]triazin-2-yl)-piperazin^ 
2-yl}-ethanol; 

1 R^4-I4-(4-methoxy-6-mBthyl-[1 .3,5]tria2in-2-yl)-2R,6S-dimethyl-plpera2in-1-ylh 
pyrinradln-2-ylHthanoI; 

1R^4^4K4.6-dimethoxyH1.3,5]triazin-2-yIh2R,6SHilmethyl-piperazirv1-yi^ 
yl}-ethanol; 

1R^4-[2R,6S-dimethyl-4-(4-phenyl-t1.3,5]triazin-2-yl)-piperazin-1-yi]-pyrimidi^ 
ethanol; 

1R^4-[4K4-hydroxymethyl-6HT«thyI-pyrimidin-2-yI)-3S-methyHpiperazi^ 
pyrimidin-2-yI}-ethanol; 

1R^4^4-(2-hydroxymethyH5yrimidirv-4-ylV3SHTiethyI-pi 
ethanol; 

1 R^4-(4-(2-hydroxymethyl-6MTiethyl-pyrimldin-4-yl>3S-rnethyl-pipe 
rimIdin-2-yJ}-ethanol; 

1 R^4.(3S-methyl-4-oxazolo[5,4-b]pyridin-2-yl-piperazin-1 -yl).pyrimldin-2-yI]-ethanol; 
1 R^4-{3S-methy WK)5ca20lot4,5-b]pyridln-2-yl-pipera2ln.1 .yl)-pyrimidin-2-yll-ethano!; 
1 R.[4.(3SHTie%l-4Hquinoxalin-2-yl-pipera2in-1 -yl>pyrirnidin-2-yn-ethano!; 
1R^4.[4-(4,6-dimemyK1.3,5]tria2in-2-yl)-3R.5S-dimethyl-piperazin-1-yn-pyrimld^^ 

yl)-ethanol; 
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1RH4-[3R.5S-dimethyW-{4-methyl-6-pheny|.l1.3.5ltria2ln-2.yl^^^^^ 

yi]pyrinnidin-2-yl}-6thanol; ^„^„iHi«9 
1R^4-I4-(4-cydopropyK1.3.5ltria2in.2.yI>3R.5S-dimeW 

5 ^^t^4HUcJoptopyl-[1.3^tria2in^^^^^ 

yI}-ethanol; ^ „ . ... o 

. iR^4^4K4.6-dlmethyK1.3.5]triazin-2.yl)-2R.6S-dimethyl-pip^^ 

ylVethanol; . . . ^ j, 

1R^4-[4-(4-hydroxymethyl-6-phenyK1.3.5]tria2in-2.yl)-2R,6S^imemy^ 

10 pyrimidin-2-yI}-ethanol; _ 
1R^4-[4-{4HTTetho)cy-6-methoxymethyK1.3.5]tria2itv-2-yI>2a^^^ 

yl]-pyrimidin-2-yl}-ethanol; 

1R-{4.[2R.6S-dimethyl^-{4-methyl-[1.3,5ltria2ln^2.yl)-piperazin-1-ylH^^ 

e*anol; . .j. - n 

15 1^4^4-(2-acetyH)yrimidin-^/0-2R^6S•-dimethyI-piperazin-1-yQ-py^m^^ 

ethanone; 

1^^4.{2-(1R-hydrDxy-ethyl)-pyrimidin-h'0-2R,6S-dimethyl-piperazin.1.yl)- 
pyrirtttdin-2-yI)-ethanone; 

1R^4^4.(4.methoxymemyl-6-phenyl-(1.3.5]-triazin-2.yl)-2R.6S-dime^^^^^^ 

20 yll-pyrimidin-2-yI}-ethanol; 

{4^4-[2-(1R■hydroxy-ethyl^pyrimidin^yl^2R,5S-di^1ethyl-piperazin-1-yO^^ 

y!)-ethanol; and 

1S.(4K4.[2-(1R.hydroxy-elhyl)-pyrimidin^^^^^ 

pyrimidin-2-yl)-ethanol. 
25 6Z A compound of the fomnula I*, 



wherein: 
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B. • r raR«)R*R' where R»« is independently (Cra)allcyl. benzyl. (Cr 

substituted wrth up to three (C,-C.)a.M. (C,-C.)aIkoxy. ha o or n*o^ 

R« and R» are each independently hydrogen, methyl, ethyl or hydroxy.(C,:C)alM. 

is hydrogen. (C,-C4)alkyl or {C-OaJkoxf, 
R» is a radical of the formula 





N 



R">^N. .R" 



Y 



-1 3d 
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10 



IndepandervHy hydrag" " (C,-0.)aM: « . « p. g' «. 

Oa,^G'areBkent=,«h.randa,e(<VOJaM=neandR',R.R andG «. 

^r.™«an»ga,^aran.a.,C,.«aManaandR..R'.R-andGa« 



hydrogen; 
15 qisOorl; 



20 



25 



30 



X is a covaten. bond. -(CNR")-. =xy=a*<»W'. '''''*^°™l°^^«c 

S^^W=art=ny..(CrC,)all^any.=a*ony,,(C,^.)a.Ken^=a*^^^ 
°^v.^ up to ^ (C-C.)a»<^. --Vi AT, sa,d 

v^.n^c,*on,.in^eden*nrfXareop«on*suba«^.ndapan*^V-one 

O^Z^^i^ ^'^ .e«n«=o ex. op^a-ba-wad »««p.d«>*„* up 
to three (CrC4)al!cyi. benzyl or An 

V„t^;prov««.*a.*an,.O.ndX.3=«ala„.bcnd.ox,=a*c,^or 

tc ^ telkvlenylcarbonyl. then R* is not (C,-Ca)alkyl; 

'^'^'ttrMepandan^a^*sa«™»^.pa'«a,Vsa.««dorMVu^ 

„gh.™r*«.d dng =p.ona^ ha.n, up » .our haumaton. aa.^ 
Lpandan^*on<-y9an.a*randni.,o9Bn.or.b.^bnn,=or.«.n,=tt» 
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10 



15 



20 



25 



fu.«d independently partially saturated, fully saturated or fully ur^saturated five- to 

ridLpenden«y^mn«rc.en.su«urand oxygen. ora^oycr.cnng^^^ 

of^iUsed ^dependent, pa^ally saturated, ^ilysau^ratedo^ 
tosevenmerT*eredrings.takenindependently.optionaliyhavlnguptofour 

heteroatoms selected independently from nitrogen, sulfur and oxygen, said partally 
saturated, fully saturated ring or fully unsaturated monocyclic ring, bicydic nng or 
tricyclic ring optionally having one or two oxo groups substituted on cartoon or one or 
two 0X0 groups substituted on sutfun 

AT and Ar^ are opfionaDy Independently substituted on cari3on or nitrogen, on one nng 
if the moiety Is monocyclic on one or both rings If the moiety is bicyclic. or on one, 
orthree rings If the moiety Is tricyclic, with up to a total of four substituents 
independency selected fromR". R«. R« and R"; wherein R«. R" and R" are 
each taken separately and are each independently halo, formyl. (C,- 
Oalkoxycarbonyl. (C,-Ce)alkytenyloxycarbonyl. (C,-C.)alkoxy.{C,-C.)alkyl. 
C(OH)R"R", naphthyl. phenyl, imidazolyl. pyridyl. triazolyl. morphoiinyl. (Co- 
Oalkylsulfamcyl. N-{C.-C.)alkylcart3amoyl. N.N.di.(C,.C.)alkylcarbamoyl. N- 
phenyicart^amoyl. N-{C,-C.)alkyl-N-phenylcafbamoyl. N.N^Iphenyl carbamoyl. (C- 
Oalkyicarbonylamido. (C3-C)cycioalkylcarbonylamido. phenylcart)onylam.do. 
piperidlnyl. pym^dinyl. piperazlnyl. cyano. benzimidazolyl. amino, aniline. pynm.dyl, 
oxazolyl. isoxazolyl. tetrazolyl. thlenyl. thiazotyl. benzothiazolyl. pyrrolyl. pyrazolyl. 
tetrahydroqumolyl. tetrahydrolsoquinolyl. benzoxazolyl. pyridazinyl. pyndyloxy. 
pyridylsulfanyl. furanyl. 8-{C,-C.)alkyl-3.8^iaza[3^.1]bicydooctyl. 3.5-dioxo-1 ,2.4- 
triazinyl. phenoxy. thiophenoxy. (C,-C.)alkyisulfanyl. (C,-C.)alkylsulfonyl. (C.- 
Ocydoalkyl. (C,-C.)alkyl optionally substituted with up to five fluoro or (C,-C.)alkoxy 
optionally substituted with up to five fluoro; said naphthyl. phenyl, pyridyl. pipendlnyl. 
benzimidazolyl. pyrimidyl. thienyl. benzothiazolyl. pymilyl. tetrahydrcq-Jnolyl. 
tetrahydroisoquinolyl. benzoxazolyl. pyridazinyl. pyndyloxy, pyridylsulfanyl. furanyl. 
thiophenoxy. anllino and phenoxy in the definition of R". R« R« and R- are 
» optionally substituted with up to three substituents Independently selected from 
hydroxy, halo. hydroxy-<C,.C.)alkyl. (C,.C.)alkoxy-(C,-C.)alk^. (C,-C,)alkyl optiona^ 
substituted with up to five fluoro and (C,-COalkoxy optionally substituted wltii up to ftve 
fluoro; said Imidazolyl. oxazolyl. Isoxazolyl. thlazolyl and pyrazolyl in the definition of 
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^ up «■ «v. «uon. and ^^'^ ,^ r- op«onally subsffluted * up to 
0 p,pe,3Bnyllnth.drfn»=no(R' . R . R R ^ )a«<oxv.(C,-C.)aW. by*o:<y 

up to »« «U»= ««< ^„ ^ ^^„, 3up„M«, with 

15 hato.hyditKy-<C,-0.)alW.lc, ' .ubstltuttd w». up to «v. 

definiton of R R . R ^„,^.(c,.C.)allcyl. (C-Oalkyl optionally 

halo. hydroxyHC,-C.)^l^, (CrCj^k^^ ^koxyTptionally substituted with up to five 
substituted with up to five fluoro and (C,-C«)alKoxy opuu y 

R "^rk" are taken together on adjacent carbon atoms and are 
R ana n ai ' « ^ r« and R'* are taken separately and are 

^,OC(CH,)PCHror-0-(CHj)p-0-.andR andK 

each independently hydrogen or {C,-C4)alkyl: 

p is 1. 2 or 3; independently hydrogen. {C,-C,)alkyl 

R« and R- are taken separately and are each inop 
oDtionally substituted with up to five fluoro; or R« and R are taken s p y 
30 rXnandR«-«(C^)«.MraxyKC.^^^^^^^ 

^n.^.«.ien..^ran,.th^^.oxazo^.in^^^^^^ 
tenzoxazdlyl;orR« and R«are taken together and are(C,^.)aMen^^ 



20 

fluoro; or 

25 
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Q. G- and G- are aton sapamtafcr and a.B each hydrc^en; r Is 1, R ''^'^ 

^^)aMac-C0a^xy-<O,-C.)aM.(C,^.)=Mor<C,-C>a^^ 

cUw, ,n me de.n«on =, R- and sad ,C^.)a.Ko:^ .n .h. *'«*'^^^ 
;p;onUandlndependan.,ysubs«u.edw»hupto»»«u=n..andR andR »• 

ea* independently hydrogen or (C,-C,)aWl or .„..._„ „, «. ^ 
,5 s'andG'aretakentoae«»randa»(C,-CJaM=n=:rB0or1.andR .R .R ar»l 

. S!!^R=are.a^nsepa..e>yandaraea*indepand.n«y.a.e=«d«cmhydro9.a 

fC ^ lalkvl (C-OwdoaW and Ai=-(CrC.)a»<ylenyt or 

^^a^,a^!r,oge.,er*.he,V«gena«.»»h,*.haya.a^^ 

25 fennaz=IMinylpym=ndW.Plpe«ny.,Pipe«hvln<«pho^ 

azablcyctol3.2.anonanyl.a2ablcycM2i1lteptA6.7^«^5"- 

d»JMs^a^W-»'e-«-=''<"=^'^'""::"^ 
JiLdenlly wilh on. substltuent selected ton hydra«y, amino. hydracy-(C, 

plped«;azepM.n«^eda«n,^nofR"andR=a,.opton*s^^ 
Wependen«yv*up.ot»o.ubs«^enBWepanden«ys.1a«.d«omhyd™,cy, 
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amino. hydro)cy.{C,-C.)alkyl. (o, ^^^^^^^ 

substituted independently with up to three sudsbwb r 

hydroxy, amino, halo, ^^'^^'^-^^'-^f '^^7,;^^ .3^,^ optional^ substituted 

,5 R-- and FP-l! optionally K^stlMa"*"?"" ,c -C )all<oxy-(C,-C.)alk:yl. 

,c ^ law oplionaly subslltiited iMm up 10 «ve (Hwp and (C,-C,)al^ 

':^^I.pJ.va.u=.:.3,dPV«-^.PV^="^P«"^^-:;„^^ 
,.p^suba«uladonsaldpip.mzlnein,ned=.n,tonofR='andR 

C4)alkyi. (CrC4)alkoxy-(CrC4)alkyl. (CrCOalKyi opao y 
Joroand(C,-C4)alkoxy optionally substituted with up tofivefiuoro. 

Ar^isindependentlydefinedassetfbrthforArandAr above; 
l^^teop^onaily independency subsUU^tedassetforthfor^an^ 

r. nr^K.p»p» or SOJl»r^ Wherein R» is hydrogen (C-COailqH or Ar*-{Co- 
25 R» « CONR»R or SC^ ^.^^ed that when A:^ '3 phenyl, naphthy. 

a^alicyienyl and R" Is Ar»-(Co-C«)a«cyienyi, p. « . j „„h r» is 

!2 ■ 1. !.™,»n (C C law (C,-C,)alkoxycarbonyl. (C,-C,)atoxy-(C,-C,)aW. 

^^ u,Hr«vv/r c^allwl (C,-C4)alkoxy-{C,-C4)ailcyl,(C,-C4)a«cyior^^, 
hydroxy, halo. hydroxy-(CrC4)aiKyi, j 

w • .ow^r r ^alkvlinthBdefintionofR»andsaid(C,-C4)aiKoxyin 
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A,^ is independently defined as set forth for Ar and Ar' above; 
^r;!./op«on^'y independency subs^^tedassetforthforArandA^ 

R» and R ^^^^^^ 2^ „ ^bstltuted with up to five fluorc. (C,- 

C.)all<o)cy optionally substituted ^«rtth up to nve H cONR»R'' or NR»R»'; 

,0 C )alkyl (C,-C.)allcyloptionally substitutedv.lthuptofivefluomor(W^^^ 

; n^!;! tu^^d 1 up ^ Ave fluoro; said phenyl, pyridyl. phenoxy and 
optK,nally substurted w^m p ^^^^^^ by up to three 

^•.ophenoxy.n«,ed^^^^^^^^ 

hydroxy, halo. hydroxy.(C.G.W(C^ ^^^^^^^^^ 
substituted with up to five fluoro or (C,-C4)aiKoxy opuon y 

R«andR«areeachlndependen«yhydrogen.(C^^^^^^^^ 
. ■ M nh^vl IS optionally substituted with up to three hydroxy, halo, hydroxy- 

;~.e.«o„om»ar.."3.op«.*=^s«^^^^^^ 

up to five fluoro or (C^-C4)aiKoxy opuui la j ..^ ^ . -u, . ka/o 

C.)alM. (C-Oalkyl opSon* subs«U«ed wlm up .= «ve .u«o and (CrC,)a«<»y 
optionally substnutedwilh up to five duoro; 

lis N subs«u«d wl* Mrogen o, (C,^.)aW and B » or 
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NR-R". halo. 'W<'"«1'. "^'''f'^' Z, 1™ op«ona«y subs«tu»d ««h 

subsatuted with up 10 three halo, hydrexy. (C,-C.)aK)iI opuo y 
,„en.on>=r(C,.C,)a.koKyop6ona»ysubs.»..edw«-*»«»««u=™. 

15 DisCO.CHOHorCHj; 

optionally substituted witii up to five fluoro or (CrC4)allcoxy opu 



20 

up to five fluoro; 



25 



uptonvenuoro, ^ 
R" R» and are each independently hydrogen or (CrC,)^^ 

furanyl. ti^lenyl. pyhdyi. py^^idyl. pyra^ny. or ^^^^^^ ^^'"^ 
Optionally substituted v.^ up to mreehydroxy.(C,^.)a.^^^^^^ 

hyd.J(C,-C.)a,M.(C.^^^^^^ 
Oalkoxyoptionallysubstitutedwittiuptofivefluoroior 

R- and-I^W^n-togetheron adiacent«^^ atoms and areO^CH^-O-. 



tte1,2or3; 
Yls(C2-Ca)alkylene: 

30 



R** R« and R** are eadi independentiy hydrogen or (C,-C,)alkyt. 
randntea*^^ependentiy1.2or3.pro.dedti,atti.es 



4; 

kls0,1,2,3or4; 
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aaWnyl m the definlUon of R" and R" «e opoon » 

'^;LpJld»,^ de«n«d asset^fcTArand V above; 
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Ar* is optionally independently substituted as set forth for Ar and Ar' above; and 
R" and R*'* are each independently hydrogen or (C,-C4)alltyl. 

63. Acompoundofdaim62sBlectedfrom1R-(M4-t2.(1R-butyryioxy- 

ethyl)-pyrimidin-4-yO-2R,6S^imethyl-piperazin-1-ylH)yrimidin^ butyrate; 1R- 

(4^4^2.(1S-butyryioxy-ethyl)-pytirnidin^yl^2R.6S^dirnethykpiperazin-1-yI}^ 
2-yl)-ethyl butyrate; is-{4-{4-[2-{1R-butyryioxy-ethyl)-pyiimidirv4-yI]-2R.6SKiimethyl- 
piperazin-1-y!hpyrimidin-2-ylHthyi butyrate; (E)-1R-{4H4-(2-methyI-32-pheny|. • 
aayioyl)-piperazin-1-yO-pyrimidin-2-ylhethyl acetate; (R)-1-I4-(4^uinoxalln-2-yi- 
piperazin.1.yl)-pyrimidin.2,y0-ethyt acetate; 1RK4H4-[2-{1RS4iydroxy-ethyl). 
pyrimidin-4-yn-2R.6S-dlmethyt-piperazin-1-yI}-pyrlmldln-2-yl)-ethyl butyrate; 1RSK4. 
{4K2-{1R-hydroxy-ethyl)-pyrirn!dln^y^3R,5S-dlmethyli3lperazln-1-^ 
ethyl butyrate; iR.[4-{3S-rnBthyl-4<>xazdo[5.4-b3pyridin-2-yl-plperazin-1-yl)-pyrimidin- 
2.yl]^thyl butyrate; iR-{4-[3R.5S^lmethyM.(4-methyl-6-phenyl-[1.3,5]triazin-2-yl)- 
plperazin-1-yll-pyrimldln-2.yl}^thyl butyrate; iRH4-l4-(4KyciopropyK1.3.5]triazin-2- 
y!)-3R.5S-dimethyl-pipera2in-1-yl]-pyrimidin-2-yl}-ethyl butyrate; m-{HH^ 
cydapropyl-[1,3.5]tria2in-2-yI)-2R,6S-dirnethyl-piperazin-1-yq-pyrirTiidin-2-y!}-^^ 
butyrate; 1 RK4-t4-(4,6-dimethyi-I1 .3,5]tria2in-2-yI)-2R,6S-dlmethyl-piperazin-1.yn- 
pyrinildin-2-yl}-ethyl butyrate; iR^4-[4-{4-hydroxym6thyl-6-phenyl-[1.3.5]triazin-2-yl)- 
2R,6S-dimethyl-piperazin-1-yi]-pyrimidin.2.yl}-ethyl butyrate; 1R-{4-t4K4-methoxy-6- 
methoxymethyI-t1 ,3,5]triazin-2-yl)-R,6S-dirnethyl-pipera2ln.1.ylhpyritnldin.2-yl}^ 
butyrate; and iRK4H2R,6S-dlmethyl-H4-methy|.t1.3.5ltiiazin-2-yl)-plperazln-1-yll. 

pyrimldin-2-yl}-ethyl butyrate. 

64. A compound of the formula P, 




I" 



wherein: 

R' is C-{OR")R'R'. where R" Is an acyl radical of a carboxylic add aldose reductase 
inhibitor; 

R* and R' are each independentiy hydrogen, methyl, ethyl or hydroxy-{CrC3)alkyl; 
R* is hydrogen. {C,-C4)alkyl or (CrC4)alkoxy; 
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R' is a radical of the formula 
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wherein said radical of formula R*" Is substituted by R*. and R"; 

said radical of formula Is substituted by R", R^" and R"*: 

G. and G^ are taken separately and are each hydrogen and R* is hydrogen. (C,- 

5 C4)alkyl, (C,-C4)alkoxycarbonyl, (Ci-C4)alkoxy-(C,-C4)alkyl. hydroxy-(CrC4)alkyl or 
phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(CrC4)alkyl. (C,^4)alkoxy-<CrC4)alkyl, (CrC4)alkyl or (CrC4)alkoxy, wherein said 
(CrC4)alkyi in the definition of and said (CrC4)alkoxy in the definition of R*are 
optionally and independently substituted with up to five fluoro; R^ and R* are each 

1 0 independentiy hydrogen or {CrC4)aIkyl; or 

G and G^ are taken together and are (CrC3)alkylene and R*. R^ R' and G* are 
hydrogen; or 

G' and G* are taken together and are (CrC3)alkylene and R', R^ R' and G are 
hydrogen; 
15 qisOorl; 

X is a covalent bond. -{C=NR^^, oxycarbonyl. vinylenylcarbonyl, oxy(Cr 
C4)alkylenyicarbonyl. (CrC4)a!kylenyicarbonyl, (C3-C4)alkenylcarfaonyl, thio(Ci- 
C4)alkylenylcarbonyl, vinylenylsulfonyl, sulfinyKCrC4)aIkylenylcarbonyl. suffonyKCr 
C4)alkyienylcarbonyl or carbonyl(Co-C4)alkylenylcarbonyl; wherein said oxy{C,- 

20 C4)alkylenylcarbonyl, (CrC4)alkyienylcarbonyl. (C3-C4)alkenylcarbonyl and thio(Cr 
C4)alkylenyicarfaonyl in the definition of X are earfi optionally and independently 
substituted with up to two (CrC4)aikyl. benzyl or An said vinylenylsulfonyl and said 
vinylenylcarbonyl in the definition of X are optionally substituted independentiy on one 
or two vinylenyl carbons with (C5-C4)alkyl, benzyl or Ar; and said carbonyl(Co- 

25 C4)alkylenylcarbonyI In the definition of X Is optionally substituted indepedenfly witti up 
to tiiree (CrC4)alkyl. benzyl or Ar; 
R*° is hydrogen or (CrC4)aIkyl; 

R" is (C3-C7)cycloalkyl. Ar'-(Co-C3)alkylenyl or (C,-Ce)alkyl optionally substituted witii 
up to five fluoro; provided that when q = 0 and X is a covalent bond, oxycarbonyl or 
30 (CrC4)alkylenyicarbonyl. ttien R^ is not (CrCa)alkyt; 

Ar and Ar^ are independentiy a fully saturated, parttally saturated or fully unsaturated 
five- to eigfht-membered ring optionally having up to four heteroatoms selected 
independentiy ft-om oxygen, sulfur and nfrogen, or a bicydic ring consisting of two 
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fused IndependenUy partially saturated, fully saturated or ftjily unsaturated five- to 
seven-mambered rings, taken independently, optionally having up to four lieteroatoms 
selected independently from nitrogen, sulfur and oxygen, or a tricyclic ring consisting 
of three fused independently partially saturated, fiilly saturated or fully unsaturated five 
5 to seven membered rings, taken Independently, optionally having up to four 

heteroatoms selected independently from nitrogen, sulfur and oxygen, said partially 
saturated, fully saturated ring or fully unsaturated monocydic ring, bicydic ring or • 
tricydic ring optionally having one or two oxo groups substituted on cartDon or one or 
two 0X0 groups substituted on sulfur; 

10 At and Ar' are optionally independently substituted on carbon or nitrogen, on one ring 
If the moiety is monocyclic, on one or both rings If the moiety is bicydic, or on one, two 
or three rings if the moiety is tricydic, with up to a total of four substituents 
independently selected from R", R". R'* and R"; vrtierein R", R'^ R" and R" are 
each taken separately and are each independently halo, formyl, (Cr 

1 5 Ce)alkoxycart3onyl. {CrCe)alkylenyloxycartDonyl. (CrC4)aIkoxy-(CrC4)aIkyl, 
C(OH)R^*R'®. naphthyi, phenyl, imidazolyl, pyridyt. triazolyl. morpholinyl, (Co- 
C4)alkylsulfamoyl, N-{Co-C4)alkylcartDamoyl. N.N^KCrC4)alkylcart3amoyl. H- 
phenylcartsamoyl. N-(Ci-C4)atkyl-N-phenyicart3amoyl. N.N-diphenyl cart:amoyl. (C,- 
C4)aikylcartDonyiamido, (Ca-C7)cydoalkylcart3onylamido, phenylcariDonylamido, 

20 piperidinyl, pyn-olidinyl. piperazinyl, cyano, benzimidazolyl. amino, aniline, pyrimidyt, 
oxazolyl. isoxazolyl. tetrazolyl, thienyl, thiazoiyl, benzothiazolyl, pynrolyl. pyrazolyl, 
tetrahydroquinolyl, tetrahydroisoquinolyl. benzoxazolyl, pyridazinyl, pyridyloxy. 
pyridylsulfanyl, furanyl. 8-(CrC4)alkyl-3,8-diaza[3.2.1]blcydooctyl. 3,5-dioxo-1,2.4- 
triazinvi, phenoxy. thiophenoxy, (CrC4)alkylsutfanyl, (Ci-C4)alkylsulfonyl. (Ca- 

25 C7)cydoalkyl, (C,-C4)alkyl optionally substituted with up to five fluoro or (CrC4)aIkoxy 
optionally substituted with up to five fluoro; said naphthyl. phenyl, pyridyl. piperidinyl. 
benzimidazolyl, pyrimidyl, thienyl, benzothiazolyl. pyn^olyl. tetrahydroquinolyl. 
tetrahydroisoquinolyl, benzoxazolyl. pyridazinyl. pyridyloxy, pyridylsulfanyl. furanyl, 
thiophenoxy. anilino and phenoxy in the definition of R^, R" and R" are 

30 optionally substituted with up to three substituents Independenfly selected from 

hydroxy, halo. hydroxy-(Ct-C4)atkyl. (CrC4)alkoxy-(CrC4)alkyl, (Ct-C4)alkyl optionally 
substituted with up to five fluoro and {Ci-C4)alkoxy optionally substituted with up to five 
fluoro; said imidazolyl, oxazolyl, Isoxazolyl, ttiiazolyl and pyrazolyl in tiie definition of 
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R". R", R" and R" are opflonally subistituted with up to two substituents 
independently selected from hydroxy, halo, hydroxy-(C,-C4)aikyl. (C,-C4)all<oxy-{C,- 
C4)alkyl. (C,-C4)allcyl optionally substituted with up to five fluoro and (C,-C4)all<oxy 
optionally substituted with up to five fluoro; said morpholinyl in the definition of R". 

5 R", R" and R" is optionally substituted with up to two substituents independentiy 
selected from (C,-C«)alkyl: said pyrroiidinyl in tiie definition of R", R". R" and R" is 
optionally substituted with up to two substituents Independentiy selected fi^m hydrox/, 
hydroxy-(C,-C3)alkyl. (CrC4)alkoxy-{C,-C4)alkyl. (C,-C4)alkyl optionally substituted 
with up to five fluoro and (C,-C4)alkoxy opflonally substituted with up to five fluoro; said 

10 piperazinyi in the definition of R". R« R" and R*^ is optionally substituted with up to 
ttiree substituents independentiy selected from (C,-C4)alkoxy-(C,-C4)alkyl, hydroxy- 
(C,.C,)alkyl, phenyl, pyridyl. (Co-C4)alkylsulfamoyl, (C,-C4)alkyl optionally substituted 
with up to five fluoro and (C,-C4)alkoxy optionally substituted witii up to five fluoro; said 
triazolyl in ttie definition of R'\ R«. R" and R" is optionally substituted witti hydroxy, 

15 halo. hydroxy-(C,-C4)alkyl. (C,-C4)alkoxy-{C,-C4)alkyl, (CrC4)alkyl optionally 

substituted with up to five fluoro and (CrC4)alkoxy optionally substituted witii up to five 
fluoro: said tetrazolyl in the definition of R". R". R" and R" is optionally substituted 
witii hydroxy-(C,-C3)alkyl or (C,-C4)alkyl optionally substituted with up to five fluoro; 
and said phenyl and pyridyl wrtiich are optionally substituted on piperaane In the 

20 definition of R", R", R" and R" are optionally substituted with up to tiiree hydroxy, 
halo. hydroxy-(C,-C4)alkyl, (C,-C4)alkoxy-(CrC4)alM, (C,-C4)alkyl optionally 
substituted with up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five 
fluoro; or 

R" and R" are taken togetiier on adjacent carbon atoms and are 
25 -CH20C(CHa)20CH2- or -0-(CHj)p-0-. and R" and R" are taken separately and are 
each independentiy hydrogen or (C,-C4)alkyl; 
pis 1,2 or 3; 

R" and R" are taken separately and are each independentiy hydrogen. (C,-C4)alkyl 
optionally substituted wiUi up to five fluoro; or R" and R" are taken separately and R" 
30 is hydrogen and R" is (Cj-Ocydoalkyl, hydroxy-{C,-C)alkyl. phenyl, pyridyl, 
pyrimidyl, thienyl. furanyl, ttiiazolyl. oxazolyl. Imidazolyl, benzotiitazolyJ or 
benzoxazblyl; or R" and R'* are taken togeUner and are (Ca-C6)alkylene; 
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G» and G» are taken separately and are each hydrogen; r is 0; R" is hydrogen. 
(c!-C«)alkyl. (C,.C4)alkoxycarbonyI. (CrC,)alkojcy-(C,-C.)alkyl. hydroxy-(CrC4)alkyl or 
phenyJ optionally independently substituted with up to three hydroxy, halo, hydroxy- 
(C,-C,)alkyl. (C.-C«)alkoxy-{CrC,)alkyl, (CrC4)alkyl or (C,-C4)alkoxy. wherein said 
5 (CrC4)alkyl in the definition of R« and said (C,-C«)alkoxy in the definition of R'are 
optionally and independently substituted with up to five fluoro; and R" and R» are 
each independently (C,-C4)alkyl; or 

G». G* and G» are taken separately and are each hydrogen; r is 1; R" is hydrogen. 

(CrC4)alkyl. (C,-C,)aIkoxycarbonyl. (CrC4)aIkoxy-{C,-C«)alkyl. hydroxy-(C,-C4)alkyl or 
1 0 phenyl optionally independently substituted with up to three hydroxy, halo, hydroxy- 

(C,-C4)alkyl. (C,.C4)alkoxy.{C<.C4)alkyl. (CrC4)alkyl or {C,-C4)alkoxy. wherein said 

(C,-C4)alkyl in the definition of R» and said {C,-C4)alkoxy In the definition of R'are 

optionally and independently substituted with up to five fluoro; and R" and R» are 

each independently hydrogen or (C,-C4)alkyl; or 
1 5 G' and G* are taken together and are (C,-Ca)alkylene; r is 0 or 1 ; and R". R'». R» and 

G* are hydrogen; or 

G* and G* are taken together and are {C,-C3)alkylene; r is 0 or 1; and R«. R". R" and 
G' are hydrogen; 

R" Is SOjNR^R^, CONR'^R". {C,-C9)aikoxycarbonyl, (C,-C,)alkylcaitonyl, Ai^- 
20 carbonyl. (C-CeWsulfonyl. (CrCe)alkylsulfinyl. Af^-sulfonyl, Ar'-sufinyl and (C,- 
C8)alkyl; 

R" and R° are taken separately and are each independently selected from hydrogen. 

(C,-Ce)alkyl, (C,-C7)cycioalkyl and Ar^-{CB-C4)alkylenyl; or 

R" and R** are taken together with the nitrogen atom to which they are attached to 

25 fomi azetidinyl. pymDiidinyl, piperidinyi. piperazinyl. morpholinyl, azepinyl, 
azabicydot3^]nonanyl. azabicyclotZ2.1]heptyl, 6.7-dihydro-5H- 
dibenzo[c.e]a2epinyl. 1,2.3.4-tetrahydro-isoqulnolyl or 5.6,7,8-tetrahydropyridot4.3- 
dlpyrimidyl; said azetidinyl in the definition of R" and R= Is optionally substituted 
independently with one substltuent selected from hydroxy, amino. hydroxy-(C,- 

30 C4)alkyl. (C,-C4)alkoxy-{C,-C4)aikyl. (CrC4)alkyl optionally substituted with up to five 
fluoro and {CrC4)alkoxy optionally substituted with up to five fluoro; said pyrrondlnyl, 
piperidiny^. azepinyl In the definition of R" and R'* are optionally substituted 
independently with up to two substituents independently selected from hydroxy. 
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amlno. hydroxy-(C,-C4)alkyI. (C,.C4)alkoxy-(C,^4)alkyI. (C,-C,)allcyl optionally 
substituted with up to five fluoro and (C,-C4)all<oxy optionally substituted witli up to five 
fluoro; said morpholinyi in the definition of and R« is optionally substituted with up 
to two substituents independently selected from hydroxy-(C,-C4)allcyl. (C,-C4)allcoxy- 

5 (C,-C4)alkyl, (C,-C4)alkyl optionally substituted with up to five fluoro and (C,-C4)alkoxy 
optionally substituted with up to five fluoro; said piperazinyl in the definition of R*' and 
R= is optionally substituted independently witii up to three substituents independently 
selected from phenyl, pyridyl. pyrimidyl. (C,-C4)aIl«Kycarbonyl and (C,-C4)a!kyl 
opflonally substituted with up to five fluoro; said 1 A3.4-tetrahydrchisoquinolyl and said 

10 5,6.7,8-tetrahydropyridoI4,3-d]pyrimidyl in the definition of R" and R= are optlonaBy 
substituted independenUy with up to ttiree substituents Independentiy selected from 
hydroxy, amino, halo. hydrDxy-(C,-C4)allcyl, (C,-C4)alkoxy-(C,-C4)alkyl. (CrC4)aIkyl 
optionally substituted witii up to five fluoro and (C,-C4)alkoxy optionally substituted 
with up to five fluoro; and said 6.7-dlhydro-5H-dlb6nzotc,B]azepinyl in tiie definition of 

1 5 R'' and R** is optionally substibjted with up to four substituents independentiy 

selected from hydroxy, amino, halo, hydraxy-(CrC4)alkyl. (C,-C4)alkoxy-{C,-C4)allQrl. 
(Ci-C4)alkyl optionally substituted witii up to five fluoro and {Ci-C4)alkoxy optional^ 
substituted witii up to five fluoro; said pyrimidyl. pyridyl and phenyl which are 
optionally substituted on said piperaane in ttie definition of R*^ and R= is optionally 

20 substituted witti up to ttiree substihjents selected from hydroxy, amino, hydroxy-(Cr 
C4)alkyl, (CrC4)alkoxy-(C,-C4)alkyl, (C,-C4)alkyl optionally substituted witii up to five 
fluoro and (C,-C4)alkoxy optionally substituted witii up to five fluora; 
Ar* is independentiy defined as set forth for Ar and Ar' above; 
said Ar* is optionally independentiy substituted as set forth for Ar and Ar^ above; 

25 R° is CONR^'R* or SOjR^'R". wherein R^ is hydrogen (C,-C4)alkyl or Ar'-{Co- 

C4)alkyienyl and R*" Is Ar^-(Co-C4)alkylenyl; provided tiiat wrtien Ar* is phenyl, naphtiiyl 
or biphenyl. ttien R= cannot be CONR^» where R» Is hydrogen or Ai* and R» is 
Ar*; 

R« is hydrogen. (C,-C4)allcyl. (C,-C4)alkoxycafbonyl, (C,-C4)aIkoxy-{CrC«)ancyl, 
30 hydroJQ'-(C,-C4)alkyl or phenyl optionally Independentiy substituted »mh up to ttiree 
hydroxy, halo. hydroxy-(C,-C4)alkyl, {C,-C4)aIkoxy.(C,-C4)aIkyt, (C,<:4)alkyl or (C,- 
C4)alkoxy,-wherein said (Ci-C4)alkyl In flie definition of R" and said {CrC4)aIkoxy in 
ttie definition of R'are optionally and independentiy substitijted vwtii up to five fluoro; 
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Af* Is Independently defined as set forth for Ar and Ar' above; 

said Ar» is optionally independently substituted as set forth for Ar and Ar' above; 

is hydrogen or (C,-C4)alkyl; 
R*" and R» are each independently hydnsgen, hydroxy, halo, hydnDxy-{C,-C4)alkyl. 

5 (C,-C4)alkoxy-(C,-C4)alkyl. (C,-C4)all<yl optionally substituted with up to five fluoro. (C,- 
C4)alkoxy opUonally substituted with up to five fluoro. phenyl, pyridyl. pyrimldyl, thlenyl, 
fUianyl. thiazolyl. oxazolyl, phenoxy. thiophenoxy, SO,NR"R", CONR»R« or NR»R*\ 
said thlenyl, pyrimldyl, furanyl, thiazolyl and oxazolyl In the definition of R" and R" are 
optionally subsfituted by up to two hydroxy, halo, hydroxy-(C,-C4)alkyl, (C,-C4)alkoxy- 

1 0 {C,-C4)alkyl. (C,-C4)alkyl optionally substituted wift up to five fluoro or (C,-C4)alkoxy 
optionally substituted vtfHh up to five fluoro; said phenyl, pyridyl, phenoxy and 
thiophenoxy in the definition of and R» are optionaliy substituted by up to three 
hydroxy, halo, hydroxy-(CrC4)aikyl. {CrC4)alkoxy-{C,-C4)all<y«. (C,-C4)a[kyl optionally 
substituted with up to five fluoro or (C,-C4)alkoxy optionally substituted with up to five 

15 fluoro; 

R" and R" are each independently hydrogen, (C,-C4)alkyl, (Cs-Cr)cycloalkyl or 
phenyl, said phenyl is optionally substituted wHh ifl) to three hydroxy, halo, hjwlroxy- 
{C,-C4)alkyl. (CrC«)alkoxy-{C,-C4)alkyl, {C,-C4)alkyl optionally substituted with up to 
five fluoro or (CfCJalkoxy optionally substituted wHh up to five fluoro; or 

20 1^ and R*' are taken together with the nitrogen to which they are attached to term 
Indolinyl, pyntJlldlnyl, piperidinyl, piperazlnyl or morpholinyl; said pyrrolidinyl and 
piperidinyl In the definition of R* and R'' are optionally substituted with up to two 
hydroxy, amino, hydroxy-(C,-C4)alkyl, (C,-C4)alkoxy-{C,-C4)alkyl, (C,-C4)alkyi 
optionally substituted with up to five fluoro or {C,-C4)alkoxy optionally substituted with 

25 up to five fluoro; said indolinyl and piperazinyl in the definition of R*" and R" are • 
opfionally substituted with up to three hydroxy, amino, hydraxy-{Ci-C4)alkyl, (C,- 
C4)aIkoxy-{C,-C4)alkyl. (C,-C4)alkoxycart}onyl, (CrC«)alkyl optionally substituted wHh 
up to five fluoro or (C,-C4)alkoxy opfionally substituted with up to five fluoro; said 
morpholinyl In the definition of 1^ and R" Is optionally substituted with up to two 

30 subsfituents independently selected from hydroxy-(C,-C4)alkyl. {C,-C4)alkoxy-{Cr 
C4)alM. (C,-C4)alkyl optionally substituted with up to five fluoro and (C,-C4)alkoxy 
optionally substituted with up to five fluoro; 

A is N optionally substituted with hydrogen or (C,-C4)alkyl and B is cariaonyl; or 
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A Is carbonyl and B is N optionally substituted wWi hydrogen or (C,.C4)all<yi: 
R« is hydrogen or (C,-C4)alkyl; 

R» is phenyl, pyridyt, pyrimidyt. thiazolyi, oxazolyl, benzyl, quinolyl. isoquinolyl, 
phthalizinyl. quinoxanlyl. benzothiazoyl, benzoxazolyl. benzofuranyl or benzothienyi; 
5 said phenyl, pyridyl, pyrimidyJ, thiazolyi, oxazolyl, benzyl, quinolyl, isoquino^, 

phthalizinyl. quinoxanlyl, benzothlazoyl, benzoxazolyl, benzofuranyl and benzothienyi 
in the definition of R" are optionally substituted with up to three phenyl, phenoxy. 
NR»*R". halo, hydroxy, hydroxy-(C,-C4)alkyl, (C-C4)alkoxy-{CrC4)all<yl. {C,-C4)all(yl 
optionally substituted with up to five flubro or (C-C4)alkoxy optionally substituted wtth 

10 uptofivefluoro; 

R« and R« are each independentiy hydrogen, (C,-C4 alkyl), phenyl or phenylsulfbnyl; 
said phenyl and phenylsulfonyl in the definition of R»* and R** are optionally 
substituted with up to three halo, hydroxy, (CrC4)allcyl optionally substituted with up to 
five fluoro or (C,-C4)alkoxy optionally substituted witii up to five fluora; 

15 DisCO,CHOHorCH,; 
EisO,NHorS; 

R" and R" are talcen separately and are each independentiy hydrogen, halo, cyano. 
hydroxy, amino. (C,-Ce)alkylanilno, dKC,-C,)all«ylamino, pyrrolldino, plperidlno, 
morpholino, (CrC4)allcoxy-{C,^«)alkyl. hydroxy-(C,-C4)alkyl. Ar^. (C,-C4)alkyl 
20 optionally substituted wltii up to five fluoro or (C,-C4)alkoxy optionally substituted with, 
uptofivefluoro; 

. R**. R" and R*" are each independentiy hydrogen or (Ci-C4)-alkyl; 

Ar* Is phenyl, furanyl. tiiienyl. pyridyl, pyrimidyl, pyrazlnyl or pyridazlnyl; said AT* being 

optionally substituted wlOi up to tiiree hydroxy, (C,-C4)all(oxy-(C,-C4)aIicyl, halo, 
25 hydroxy-{C,-C4)alkyl. (C,-C4)^l<yl optionally substituted witti up to five fluoro or (C,- 

C4)all«3xy optionally substituted with up to five fluoro; or 

R" and R'' are taken togetiier on adjacent cartmri atoms and are -0-(CH2X-0-; 

t is 1,2 or 3; ^ - 

Yis(C8-C8)alkylene; 
30 R**, R** and R** are each Independentiy hydrogen or (C,-C4)alkyl; 

m and n are each Independentiy 1 , 2 or 3, provided tiiat ttie sum of m and n is 2, 3 or 

4; 

k is 0.1, 2. 3 or 4; 
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Is a covalent bond, carbonyl, sulfonyl or oxycarbonyl; 
R" is (C-C)cycloalkyl. Ar«-(Co-C4)alkyienyl, NR*^R« or (C,-C6)alkyl optionally 
substituted with one to five fluoro; provided that when is a covalent bond or 
oxycarbonyl, then R** Is not NR"R**; 
5 R*^ and R** are taken separately and are each independently selected from hydrogen, 
Ar*. {CrCa)alkyl and Ar*-(C,-C4)allcylenyl: or 

R*^ and R" are taken together with the nitrogen atom to which they are attached to 
form azetWInyl. pyrrolidinyl, piperidlnyl. piperazinyl, morphollnyl, azeplnyl, 
azabioydop^^nonanyl. azabicycloI2.il]heptyl. 1 A3.4-tetrahydrolsoqulnolyl. 6,7- 

10 dihydro-5H-dIbenzoIce]azepinyl or 5,6,7.8-tetrahydropyrido[4.3-dlpyrimidyl; said 
azetidlnyl in the definition of R*' and R* are optionally substituted with one hydroxy, 
amino, hydroxy-(CrC4)alkyl. (CrC4)alkoxy.(CrC4)aIkyI. (CrC4)aIkyl optionally 
substituted with up to five fiuoro or (C,-C4)alkoxy optionally substituted with up to five 
fluona; said pymslidinyl, piperidlnyl and azeplnyl in the definition of R*^ and R** are 

1 5 optionally substituted with up to two hydroxy, an^no, hydroxy-{C,-C4)alkyl, (C,- 

C4)alkoxy-(CrC4)alky!, {Ci-C4)alkyl optionally substituted with up to five fluoro or (C,- 
C4)alkoxy optionally substituted wKh up to five fluoro; said morphollnyl in the definiflon 
of R*^ and R** is optionally substituted with up to two substituents independently 
selected from hydroxy-(Ci-C4)aikyl. (C,-C4)aikoxy-(C,-C4)alkyl. (C,-C4)alkyl optionally 

20 substituted with up to five fluoro and (C,-C4)alkoxy optionally substituted with up to five 
fiuoro; said piperazinyl. 1,2,3,4-tetrahydroisoqulnolyl and 5,6,7.8-tetrahydrol4,3- 
dlpyrimldyl in the definition of R^^ and are opfonaliy substituted with up to three 
hydroxy, amino, halo, hydroxy-(C,-C4)alkyl, (CrC4)alkoxy-(CrC4)alkyl, (CrC4)alkyi 
opfionally substituted with up to five fluoro or (C,-C4)alkoxy optionally substituted with 

25 up to five fiuoro; and said 6,7-dlhydro-5H-dibenzo[o,e]a2epinyl in the definition of R*^ 
and R" are optionally substituted with up to four hydroxy, amino, halo. hydroxy-(C,- 
C4)alkyl. (C,-C4)alkoxy-(C,-C4)alkyl. (CrC4)alkyl optionally substituted with up to five 
fluoro or (C,-C4)aikoxy optionally substituted wifli up to Ave fluoro; 
Ar* is independently defined as set forth for Ar and Ar' above; 

30 Ai* is optionally Independently substituted as set forth for Ar and Ar' above; 

R" and R** are independentty hydrogen, (Cj-CT)cycloalkyl, Ai*-(Co-Cj)alkylenyl, Ar*- 
(Cj-C4)alk6nyl, Ai'-cartjonyl or (CrC8)alkyl optionally substituted with up to five fluoro; 
Af* is independentiy defined as set forth for Ar and Ar' above; 
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Af* is optionally independently substituted as set forth for Ar and Ar' above; and 
R*^ and R^"* are each Independently hydrogen or (CrC4)allcyl. 
65. A compound of the formula Z 




Me 
ZZ 

wherein R'°^ Is (CrCB)alkyl, benzyl or phenyl wherein said benzyl and phenyl are 
1 0 optionally substituted with up to three halo or (CrC4)allcyL 
67. A compound of the fonnuta III. 




,OCOR'«» 



wherein: 

15 R^" is (CrCft)alkyl, benzyl or phenyl wherein said berayl and phenyl are optionally 
substituted wtth up to three halo or (C,-C4)alkyl; and 
is hydrogen or a suitable amine protecting group. 
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68. A compound of claim 67 wherein R'" is (C,-C,)allcyl and R'« is benzyl 

or tert-butyloxycarbonyl. 

69. A compound of daim 68 wherein is n-butyl or ethyl and R is 

benzyl. 

70. A compound of dalm 68 wherein R'" is n-butyl or ethyl and R^" is tart- 

butyloxycarbonyl. 

71. A process for preparing a compound of the formula Z, 




Ms 

Z 



10 comprising: 

a) reacfingR-{+)-2-hydroxy-propionamidewithtriethyloxonium 

tetrafluoroborate in a reaction inert solvent for 10 minutes to 24 hours at 0 »C to 
ambient temperature to fomi ttie con^sponding imidate; 

b) reacting said corresponding imidate with anhydrous ammonia in a 
15 reaction inert solvent for 2 hours to 24 hours at O'C to ambient temperature to form 

R-{+)-2-hydroxyrpropionamldine hydrochloride; and 

c) fBacfing said R-{+)-2-hydroxy-proplonamidine hydnjchloride with ethyl 
3-hydroxy-acryiate sodium salt and a suitable base in a reaction/inert solvent to form 

said compound of formula 2L 

72. A pharmaceuficai composition comprising a compound of claim 1 , a 
prodmg thereof or a pharmaceutically acceptable salt of said prodnjg or said 
compound, and a glycogen phosphorylase inhibitor (GPI). a prodmg of said GPI or a 
phannaceutically acceptable salt of said GPI or said prodmg. 

73. " A method of'Seatirig or preventing diabetic compflcations In a mammal 
25 comprising administering, to said mammal a phannaceutical composition of daim 181 . 

74. A method of treating diabetic complications in a mammal comprising 
admlnstering to said mammal a compound of daim 1 , a prodmg thereof or a 
phannaceutically acceptable salt of said compound or said prodmg and a glycogen 



wo 00/59510 



PCT/IBOO/00296 



-321- 

phosphoryiase inhibitor (GPl). a prodrug of said GPI or a pharmaceutically acceptable 

salt of said GPI or said prodrug. 

75. A method of treating diabetes in a mammal comprising administering 
to said mammal a compound of claim 1 . a prodrug thereof or a phannaceutically 
acceptable salt of said compound or said prodrug and a glycogen phosphorylase 
inhibitor (GPI). a prodmg of said GPI or a phamiaceutically acceptable salt of said GP 
orsaidprodnjg. 
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